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PREFACE. 



It is hardly necessary for the author of the following volume 
to make any excuses for its publication, since, notwithstanding 
the multiplicity of books on tne same subject, there seems to be 
none, which are exactly adapted to the object for which this is 
principally designed. The Conversations on Chemistry ^ and the 
works of rarke and Joyce, besides the interlocutory form in which 
they are written^ are objectionable, in not containing the recent 
discoveries and improvements in tne science; and the volu9ie of 
Dr. Turner, though free from these objections, is too large for the 
use of schools and academies. 

In this volume, it has been the intention of the author, not only 
to avoid these objections, but, at the same time, to esmlain the 
elements and doctrines of the science in sufficient detail, to give 
a competent knowledge of its several parts, and in such language 
as can be understood by those who will but read the book atten- 
tively and pursue the subject in course. 

) It appears to the writer, that in teaching Chemistry to youth, 
its elementary parts have not been sufficiently insisted on at the 
beginning. Of all the sciences, this is the most complete, in 
respect to its language — the order of its arrangement, the succes- 
sion of its subjects, and consequently in the facility with which 
it may be learned. But from these perfections, arises the abso- 
lute necessity of becoming well acquainted with its first principles, 
before the student can derive and retain any useful knowledge 
from its study. The nomenclature of chemistry, the laws of 
affinity, and tne doctrine of proportions, are far more necessary to 
a proper knowledge of this science, than is a knowledge of ma- 
thematics to the study of Astronomy. The cause of an eclipse, 
or the reason why the complicated motions of the earth should 
produce a change of seasons, can be fully understood without the 
use of mathematics. But without a knowledge of affinity, and 
proportions, the decomposition of a salt, or the formation of a de- 
nnite compound, are absolutely incomprehensible phenomena; 
nor can they be explained without a previous acquaintance with 
the peculiar language of chemistry. 

It is from a conviction of the importance df first pnnciples in 
learning this science, that the author has devoted so much atten- 
tion to the imponderaole agents, attraction^ affinity, and galvanisxn, 
and to the explanation of definite propor!l|0iis 9M chemical equi- 
valents. '** 
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The doctrine of definite proportions, being now uniyersally 
adopted, forms one of the fundamental principles of chemical 
science. And whether the theory of atoms, which accounts for 
the facts on which this doctrine is founded^ oe true, or false, the 
doctrine itself will ever maintain its integrity, its elements being 
nothing more than the expression of facts wnich experiment and 
analysis have developed. The subject of proportions, indepen- 
dently of its relation to the theor^r or practice of Chemistry, is 
highly curious and of uncommon interest, both to the naturalist 
and the moral philosopher. To the &rst it shows that the laws 
of nature are equally inherent and efficient, in dead and in ani- 
mated matter, and that the effects of these laws are as peculiar 
and distinctive in the formation of chemical compounds, as they 
are in the production and habitudes of the different races of ani- 
mals. To the moralist, this subject teaches, that nothing has 
been formed by the fortuitous concurrence of atoms, but that even 
the '^stocks and stones" bear the impress of creative agency and 
design — that the air he breathes and the water he drinks, are 
formed of invariable proportions of certain elements, and that 
these compounds are so precisely adapted to his nature and 
wants, that the least change in the proportion of their constituents 
would inevitably effect his destruction. 

Besides the charms which this subject presents to the reflecting 
student, the composition of compound bodies, in recent books of 
chemistry, is expressed in equivalent numbers, and therefore 
cannot be understood without a knowled£;e of the doctrine of 
proportions. The author, therefore, before me description of eacn 
element and compound, has affixed to its name, at the head of the 
sections, its combining number, or atomic weight. By this ar- 
rangement, the pupil, at a single glance, becomes acauainted, not 
Qnly with the scientific, and common names, but also with the 
composition, and proportions of all the compounds describe!^ 

In resect to the authorities which have been consulted in the 
composition of this work, the principal are Dr. Thomson, Dr. 
Henry, Sir H. Davy, Mr. Gray, Dr. Ure. Mr. Accum. Mr. Fara- 
day, the Library of Useful Knowledge, the Journal ot the Royal 
Institution, Silliman's Journal, and Dr. Turner. 

Of the work of the latter author, free use has been made, his 
arrangement of subjects, with some variations, having been adopt- 
ed, and his e3q)osition of the doctrine of proportions carefully 
consulted. The work now offered, is not however to be considered 
as a servile compilation ; the former experience of the author as 
a lecturer, and his habit, for many years, of analysing various 
substances^ having given him opportunities, not only of verifying 
the deductions of others, but occasionally of making new experi- 
ments for himself. 

ffartfordy November 16, 1831. 
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CHEMISTRY. 



Chemistry is that science which investigates the compo- 
sition and properties of bodies, and by which we are enabled 
to explain the causes of the natural changes which take place 
in material substances. 

Natural Science has been divided into two great branches, 
the one comprehending all those natural changes which are 
accompanied by sensible motions ; the other> including all 
those natural changes accompanied by insensible motions. 
The first science is called Natural Philosophy, including 
also the Philosophy of Mechanics, and the laws of motion. 
The second is known under the name of Chemistry, or Che- 
mical P||ilosophy. 

As a science, Chemistry is of the highest importance to 
mankind, since by its investigations, the practical arts are 
constantly improving. 

All chemical knowledge is founded on analysis and synthe- 
sis, that is, the decomposition of bodies, or the separation of 
compounds into their simple elements, or the recomposition 
of simple bodies into compounds. 

When water is passed through a red hot iron tube, in the 
form of steam, it is decomposed ; its oxygen uniting with the 
iron, while its hydrogen passes away in a state of freedom, or 
may be collected and retained. This is called analysis ; and 
the bodies so separated from each other, if they cannot again 
be decomposed, are called elements. Thus hydrogen and 
oxygen are the elements of water. When oxygen, which 
may be obtained pure, as will be seen in anotner place, is 
burned with hydrogen, a quantity of water will be formed. 
This is called synthesis, or the recomposition of -water from 
its elements. Thus all knowledge of this science is obtained 
by experiment. 

WhstiiOfaemiBtEjrl Bow is Kience divided f WbatiatfaBfooadatioiiof allclMiiil* 
cal knowledge 7 What ie analysis 7 What is synthesis 1 
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As a science, chemistry is intimately connected with a 
great variety of natural phenomena. Ail satis&ctory expla- 
nation of the causes of rain, hail, dew, wind, earthquakes, 
and volcanoes, have heen given by the aid of chemical 
knowledge. The phenomena of respiration, the decay and 
growth of plants, and the functions of the several parts of 
animals, are also explained in a satis&ctory manner, only 
by the aid of chemistry. 

As an art, chemistry is connected, more or less intimately 
•with nearly every branch of human industry, and particular- 
ly with agriculture and manufactures. In its application to 
agriculture, chemistry furnishes the most direct and certain 
means of ascertaining what a barren soil wants to make it a 
fruitful one, and also what ingredient any soil requires to 
best adapt it to any given kind of produce. Many of our most 
common and useful articles are manufactured entirely by 
chemical processes. The making of soap, glass, bleaching 
salts, the several kinds of acids, and almost every kind of 
medicine, depend wholly on the manipulations of chemistry. 
The art of the potter, iron-smith, tanner, sugar-maker, dis- 
tiller, brewer, vinter, paper-maker, and painter, are also con- 
nected in various degrees with chemistry. 

Natural objects may be separated into two great divisions, 
or classes, viz. i Imponderable agents and Ponderable bodies. 



PART I. 

IMPONDERABLE AGENTS. 



The imponderable agents are Light, Caloric, or Heat, 
Electricity, and Galvanism. These are called the imponde- 
rable agents, because they possess no appreciable weight. 
The investigation of many of the properties of these agents, 
and particularly those of light and attraction, belong to the 
several departments of Natural Philosophy, but they each 
possess properties also, which are strictly chemical, and it is 
these properties only, which it is proposed here to examine. - " 

What are among the natural: phenomena which chemistrj explains? What ara 
among the most important arts which derive advantage from chemistry? How are natu* 
iBloibjactg divided? What an the imponderable agenta ? Why are these agente called 
Imponderable 1 
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CALORIC. 



Heai is the senaation wliich one feels when he touches r 
hody hotter than the hand ; and this sensation is caused by 
the passage of caloric from the hot body to the hand. Thus 
caloric is the cause of the sensation which we call heat, and 
heat is the effect of the passage of caloric into the hand. 
Caloric, then, is the matter, or principle of heat, while heat is 
the sensation produced by the transfer of this principle to the 
living system, from some body hotter than itself 

Caloric is imponderable ; that is, there is no appreciable 
difference in the weight of a body, whether it is hot or cold. 

This principle seems to be present in all bodies, nor is there 
any known process by which it can be separated from any 
substance. For since heat constantly passes from the hotter 
to the colder body, until every thing in the same vicinity 
becomes of an equal temperature, so if we take a substance at 
a temperature however low, and carry it to a place where the 
temperature is still lower, this substance will give out heat 
until its temperature becomes the same with that of the sur- 
rounding air. For instance, if a piece of ice at- 32 degrees 
of temperature, could be transported to any place, as in Si- 
beria, where the temperature is 60 degrees below 32, then 
this piece of ice will continue to emit caloric until its tempe- 
rature becomes only equal to that of the surrounding atmos- 
phere, and it would therefore give out 60 degrees of heat 
It will be quite obvious to any one, that if a piece of iron, or 
any other substance, be carried from the open air on a sum- 
mer's day, where the heat is 92, to an ice house, where the 
heat is only 32, that the iron will continue to part with its 
heat until it becomes of the same temperature with the ice, 
and therefore that it will in a short time, lose 60 degrees of 
heat, as indicated by the thermometer. 

Heat and cold are therefore merely relative terms, and so 
&r as our sensations ate concerned, depend on circumstan- 
ces. Thus we call a body cold when its temperature is lower 
than our own, and it has at the same time, the power of con- 
ducting heat rapidly. That the sensation of cold, which we 

When one touches abody hocterlhan his hand, why does he feel the aeOMlloD of heart 
What ia calorici What is beati How hi it prored that caloric ia imponderaMe t 
Bow iahahown that caloric iapnaent hi all bodies 1 What Uluauntion^iliow that ica 
wQl emit calorie? How are heat and cold relative termal HowisitdiowntiMttheHO> 
■atioG cf coid often depends oo the coDdiwtiqg power of the hody I 
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expenence, when touching another body with the hand, de- 
pends greatly on the conducting power of the body touched, 
IS easily proved by the following experiment. A piece of 
woollen cloth, or iiir, and a vessel of quicksilver, being 
placed in the same room, will both indicate the same tempera- 
ture, when the bulb of a thermometer is wrapped in the one, 
or plunged into the other. And yet if the experiment be 
made in the warmest day of summer, the mercury will feel 
cold to the hand, while no sensation will be produced on 
touching the cloth or fur. Now both articles touched, being 
of the same temperature, it is certain that the different sen- 
sations must depend on the power of the mercury to absorb, 
or conduct away the heat of the hand more rapidly than the 
fiir or cloth. 

On the contrary, we say a body is. warm, or hot, when it 
imparts heat to the hand, more or less rapidly. But this sen- 
sation, to a certain degree, also depends on circumstances, 
and is connected with the relative temperature of the hand, 
and the conducting power of the substance touched. Thus 
if one hand be placed in water, at 32 degrees, and the other 
in water at 130 degrees, and then both hands be plunged 
into water at 90 degrees, one hand will feel cold, and the 
other warm, though the temperature to which both are clo- 
sed is the same. This principle is illustrated by the differ- 
ent sensations which men and animals experience, when 
transported from a cold or hot climate, to one which is tem- 
perate. A Russian would consider the coldest New England 
winter, a pleasant and comfortable season, while an inhabi- 
tant of Smnatra, or Borneo, would tremble with the cold of 
our September. A white bear from Greenland, or a dog from 
Kamtschatka, would constantly sufiet from the heat, while an 
elephant, or a naked dog from Africa, would require protec- 
tion from the cold. 

One of the most obvious properties of caloric, is, its ten- 
dency to an equilibrium, that is, its disposition to pass from the 
hotter body to that which is colder. Thus if several bodies 
of different temperatures be placed in the same room, the 
warmer body will continue to impart its heat to those which 
are colder until they all indicate the same temperature by 



When do WB saj a body is warm or hoti How is it diown that the sensatioos of heat 
and cold depend on ciidiniBtancesI What illustrations are given of this principle 1 
What is one of the most obvious properties of caloric 1 What is meant by eqailibrium 1 
How ii it shown that calorie tends to an equifibrium 1 
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die thermometer. - •'Hus distribution is so equal and j^eneral,' 
that two thermometers, graduated exactly alike, and placed 
under the same circumstances in the open air, will indicate 
the same degrees of heat though placed miles apart. Thus 
coloric has the power of pervadmg all substances, and of 
equalizing their temperatures. 

Caloric exists in two difierent states, viz. in a state of com- 
Hnatian, and in a state of freedom. It has already been 
stated, that all bodies are supposed to contain caloric, but that 
all bodies do not contain sensible heat, or are not warm to 
the touch requires no proof Common occurrences, however, 
as we have already seen, are sufficient to show, that to a cer- 
tarn extent, the sensation of l^eat depends on circumstances, 
and that it is only necessary that a body touched, should be 
of a higher temperature than the hand, for us to perceive the 
sensation of warmth. But it by no means proves, that' 
because the thing touched does not feel warm, that it con- 
tains no caloric. It follows, therefore, that when the body 
touched, conveys the sensation of heat, that caloric passes 
from the body to the hand, and this is called free, or uncom* 
bined caloric; but that when no sensation follows, the heat 
is combined, or latent, in the body touched, and therefore is 
not imparted to the hand. 

Combirud or latent Caloric. This is also sometimes called' 
caloric of fluidity, because in the conversion of solids into 
fluids, a quantity of heat is absorbed which is not indicated 
by the thermometer, and which, therefore, becomes latent in 
the fluid. 

The experiments of Dr. Black, in relation to this subject;' 
are highly curious and interesting. These experiments 
prove, that if a pound of water at 32 degrees be mixed with 
a pound of water at 172 degrees, the temperature- of the 
mixture will be intermediate between them, and therefore 
102 degrees. But if a pound of ice at 32 degrees be mixed 
with a pound of water at 172 degrees, the ice will soon be 
dissolved, and then on applying the thermometer to the water 
thus formed, it will bo found at the same temperature that 
the ice was before the addition of the warm water, and there- 



What conclusions is drawn from the fact that caloric is equally distributed 1 What 
tte the two states in which caloric exists ? Is it a proof that a bodj contains tio* 
^t becanse it does not feel warm 7 If every body contains heat, why does it not aiwtfa 
^warml What is free heat? What is latent heat? How many dsgnei of tteat* 
become latent during the couveraion of ice into water 1 - ' . 
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fdse at 32 d^rees instead of 102 degrees, as b^ots. Jn 
tikis experiment, therefore, the pound of hot water lost 140 
degrees of caloric which is employed in melting the ice, and 
which is not appreciable by the thermometer, but remains 
htent in the water. It follow, then, that a quantity of ca- 
loric becomes insensible during the melting of ice, which, 
were it free, or uncombined, would raise the temperature of 
the same weight of water 140 degrees; for, the ice being at 
32 degrees, and the water at 172 degrees at the beginning of 
the experiment, and the whole being at 32 degrees at the 
end, the water loses 140 degrees, being the excess of 172 
degrees above 32. 

. It is well known that if a piece of ice be exposed to the 
lays of the hottest sun in the summer, or if it- is placed in a 
Tessel over a fire, the temperature of the ice, or of the wa- 
ter flowing from it, will not be raised above 32 degrees, until 
the ice is all melted, when the thermometer placed in the ves- 
sel will instantly begin to rise. Those who have melted 
snow, or ice for culinary or other purposes, are well aware 
kow much more time and fuel it takes to obtain a vessel of 
boiling water from ice, than it does from the liquid itself. 
But this fiict is readily accounted for by Dr. Black's experi- 
ment, since we have seen above, that 140 degrees of heat 
are first employed merely in converting the ice into water, 
and that this caloric does not raise the water one degree 
above the freezing point, or 32 degrees, until all the ice is 
melted. 

This principle is of vEist consequence to the world, and par- 
ticidariy to the inhabitants of cold climates, where the ground 
is covered with snow and ice, a part or the whole of the year. 
In some northern climates, and particularly in Russia, the 
transition from the cold of winter to the heat of summer, takes 
place within a few days, the ground being covered several 
feet deep with the accumulated snow of the winter. Now 
were it not for the fact above explained, and did the snow and 
ice follow the same law in respect to temperature, that we 
observe in some other bodies, this whole mass would be turned 
into water nearly as aaon as the temperature of the atmos- 



Hbw ]i tbis shown by experiment 1 What conunon fact sbfrnn that the temperaturs 
of water cannot be raised as long as it contains ice 1 What circumstances are mentitmed 
under which the great quantity of caloric absorbed by melting ice, is a blessing to man. 
kind 1 When the temperature of the atmosphexe to abore the freexing point, why doef 
BQt the snow and iov-instfuiay return to watmrl 



phere became aboTe 32 degrees, and conseonently the whole 
country would be inundatea and destroyed oy the flood. 

But in consequence of the quantity of caloric mnployed in 
the lique&ction of tne snow, the melting is gradual, and no 
such accident ensues. This is a striking instance of the 
wisdom. and mercy of Proyidence towards man, though to 
most of the world it is unseen and unknown. 

We have mentioned the melting of ice, as being the most 
familiar example, in most parts of our country, of the con- 
version of a solid into a fluid. But the same principle holds 
with respect to the conversion of other solios into liquids^ 
though the quantity of caloric required for this purpose varies 
with the substance. 

From the experiments of Dr. Irvine, it appears that the foI« 
lowing* named substances vary in this respect very widely, 
and also very unexpectedly. Equal weights of each substance 
are supposed to be employed in the experiments : The de« 

frees indicate the extent to which each would have been 
eated by the cak>ric of fluidity, proper to it. Spermaceti 
145 degrees ; Lead 162 deg. ; 6ee8-wax 175 deg. ; Zinc 493 
deg. ; Tin 500 deg. \ Bismuth 550 deg. 

Steam, 

When water, or other liquids, are converted into steam* a 
large quantity of caloric is absorbed, which is not indicated 
by the thermometer, and which therefore becomes latent in 
the steam. 

If a thermometer be placed in an open vessel of water, over 
a flre, there will be indicated a gradual increase of heat until 
the water boils, after which, no increase of the fire will raise 
the temperature of the water another degree ; nor does the 
steam, arising from a vessel of water which boils violently, 
indicate a greater degree of heat than the water itself, or of 
the steam arising from another vessel which boils moderately. 
The steam conveys away all the heat above 212 degrees of 
Fahrenheit's thermometer, which is the temperature of boil- 
ing water under the ordinary pressure of the atmosphere. 

The quantity of caloric which combines with the water to 
form steam, is nearly lOOQ^degrees greater than that of the 
same weight of boiling water. In other terms, the caloric of 
fluidity in steam surpasses that of an equal weight of boiling 
water by nearly 1000 degrees. Consequently there is nearly 

In melting, do other solids besides ice absorb a quantity of caloric not ap^tfc^iable by 
the thermometer 1 Why cannot water in an open vessel be heated higher titliE^ 21S do- 
ffeeal How many degzaea of heat doef steam contain, which is aot indicated by thi 
thermometer^ 
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1000 degrees of heat in steam which is not indicated by the 
thermometer, and is therefore latent. 
' Various methods have been adopted by difierent philoso- 
phers in order to ascertain correctly the exact quantity of la- 
tent heat in steam. Among these, one of the latest and most 
simple is that of Dr. Ure, of Glasgow. His apparatus con- 
sisted of a small glass retort, with a short neck, mserted into 
a globular receiver of the same material, made very thiu, and 
about three inches in diameter. This globe was surrounded 
with a certain quantity of water, at a known temperature, in 
a glass basin. A quantity of water, or other liquid to be ex- 
amined, amounting to 200 grains, was put into the retort, and 
rapidly distilled into the globe, by the heat of an Argand lamp. 
The heat imparted by the condensation of the steam in the 
globe, to the water contained in the dish, by which it was 
surrounded, was indicated by a very delicate thermometer 
kept constantly moving through it. By means of this contri- 
▼ance. Dr. Ure found the latent heat of the steam of water to 
be 1000 degrees. That of alcohol, of the sp. grav. 826, to 
be 457, and that of ether about 303. 

We have stated that the temperature of boiling water, and 
of steam, is 212 degrees, under the ordinary pressure of the 
atmosphere. The cause of ebullition, or boiling, is the form- 
ation of vapor, or steam, at the bottom of the vessel, in con- 
sequence of the application of heat there. The steam being 
lighter than the water, or other fluid from which it is made, 
constantly ascends in bubbles, and escapes from the sur&ce 
into the open air. The process of boiliug, when conducted 
in a tall glass vessel, over an Argand lamp, may be minutely 
exanvine^ and is both interesting and instructive. 

It is foimd by experiment, that difierent fluids at the sur&ce 
of the earth boil at diflerent temperatures, depending gene- 
rally on the specific gravity of the fluid, and also, that the 
same fluid boils at various temperatures, depending on the 
degrees of atmospheric pressure. Thus, under the same 
pressure of the atMosphere, or on the level of the sea, water 
boils at 212 degrees. Ether at 100 degrees, alcohol 173 de- 
grees, nitric acid, of the specific ^avity of 1450, at 240 de- 
grees, and water, saturated with Sea salt, 216 degrees. 

We may observe, that in these instances, the boiling of a 

■- ■- - — - I - | ■■■^^■*..i.iM>^ ■■ ■■ ■ — 

Beseribd the apparatus of Dr. Ure, to ascenain the quantity of calorie in ataam f 
What is ma cause of ebullition or boiling 1 On what does the boiling lempeFatim of fliiida 
cenerally depend 1 Why is the boiling temperature of water saturated with salt, higher 
tnau that of pure waterl What is said oonceming the *«fl^«n«ft o( specific grartty on 
Uio boiling temperature of liquids 7 
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fluid seems to follow a general law depeii(liiig> on its ^ecifie 
graTity. This is strictly the case in respect to the boilii^ 
point of sulphuric acid, which always requires atempeiatuie 
for its ebullition in a direct proportion to its specific gravity. 
Thus, according to Dr. Dalton, sulphuric acid sp. gr. 1,40Q, 
boiled at 240 degrees, while that of sp. gr. 1,670 boiled at 
360 degrees ; that of 1,780, at 435 degrees, and thai of 1,850 
at 620 degrees. 

The boiling point of a fluid is not, however, in all cases, 
to be estimated by its specific gravity, the fixed oils requiring 
much higher temperatures for their ebullition than other 
fluids of &e same aensity. Thus, linseed oil boils at 640 de- 
grees, though its specific gravity is less than that of wateTi 
and mercury boils at about 660, though its specific gravity is 
about 14 times that of water. 

That water, or any other fluid, will boil with a less d^ee 
of heat, in proportion as the weight of the atmosphere is re^ 
moved, may be readily proved by means of the air pump, or 
by ascending up a mountain, where the air is lees dense than 
it is on the level of the sea. 

The most simple illustration of this subject, with the air 
pump, maybe made by means of a small vessel of ether,* &t 
if this be placed under the receiver, and the air exhaustedt 
the fluid will boil, or turn to vapor, during ordinary t^npera* 
tures of the atmosphere. 

If a vessel of hot water, instead of the ether, be placed under 
the receiver, and the air withdrawn from it, the water will con- 
tinue to boil until its temperature is reduced down to 70 degreee. 
Fig. 1. In the absence of an air pump, the same 

principle may be strikingly illustrated as fol- 
lows. Adapt a good cork to the glass flask. 
Fig. 1, so as to make it air tight ; put a gill or 
two of water into it, and apply the heat of a 
lamp until it boils. After it nas boiled for a 
short time, introduce the cork, and at the 
same time take the flask from the fire. It will 
continue to boil for a f{)w minutes after it^ 
removal. ^IVhen the ebullition has ceasid, 
it will boiVagain violently on plunging the 
flask into a jar of cold water, as seen in the 
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the iMa dT an air pumpi 
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'figure. On taking it out of the water, the ebullition w91 
cease, but will instantly recommence if again plunged into 
the water, and this may be continued until the flask is nearly 
cold. 

* In this experiment, the boiling is continued in consequence 
of the partial Tacuum which is occasioned by the condensa- 
tion of the steam with which the flask was at first filled. If 
the flask be tak^a from the vessel of cold water, and plunged 
into one of hot water, the boiling will instantly cease, because 
the heat will convert a portion of the water in the flask, which 
had bqpn condensed, into steam, and thus the partial vacuum 
which had been formed will be filled with vapor, the pressure 
-of which will prevent further ebullition. 

This principle is beautifiiUy illustrated by the &ct, that the 
higher we ascend from the surface of the earth, the lower will 
be the temperature at which water boils. The reason is ob- 
rious ; the pressure of the atmosphere diminishes in propor- 
tion to the ascent, and the boiling temperature sinks in pro- 
portion as the pressure is removed. 

Upon this prmciple is constructed the thermometeric barome- 
ter, which incUcates the elevation of any place above the level 
of the sea, by the temperature at which water boils at that 
- elevation. By experiment it has been found that a difference 
in elevation, amounting to nearly 520 feet, makes a difler- 
ence of one degree in the boiling point of water. A traveller 
therefore who ascends a high mountain may siscertain nearly 
his elevation, by the temperature at which he finds his tea- 
kettle to boil. Thus Saussure found that at a certain station 
on Mount Blanc, water boiled when heated to 187 degrees. 
This being 25 degrees less than its boiling point at the level 
of the sea, allowing 520 feet for every degree,, would give an 
elevation of 13,000 feet. This method cannot however be 
very accurate, since the weight of the atmosphere at the same 
place varies at different times about three inches of the ba- 
rometric guage. [See Natural Philosophy , article Barometer.] 



Evaporation. 
3f ebulJ 
of vapor, attended by more or 



During the process of ebulli|bn, there is a rapid formation 

: ^s commotion in the liquid. 



Why win the water in a vessel, fig. 1, be made to boil by cold and cease to boil by 
heati Why does water boil at a lower temperature on a high mountain than on the 
level of the seal What instrument is constructed on this principled How may a tnu 
Teller who ascends a high mountain ascertain neariy his eleraiion by the boiling of a 
tea-kettle? What is evaporation ? 
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ETapomtion abo consists in the formation of vapor without 
heat, but the process is so slow as not to occasion any -risible 
commotion rn the floid. Evaporation takes place, even du- 
ring the coldest seasons, while ebullition requires various d^ 
grees of heat, or at least the removal of atmospheric pres* 
sure. 

I To prove that evaporation takes place at ordinary tempera- 
tures, nothing more is necessary than to expose a quantity of 
water to the open air in a shallow vessel, when the fiuid will 
be found gradually to diminish, and finally to disappear en- 
tirely. There is, however, a great difiference in the rapidity 
with which different fluids evaporate, and in general it is found 
that those whose boiling points are lowest, disappear most 
rapidly. Thus, ether, and alcohol, evaporate much more 
rapidly than water. 

The chief circumstances which influence evaporation are, 
extent of sur&ce, and the state of the atmosphere in respect 
to temperature, moisture, and dryness. 

As evaporation takes place only from the surfaces of fluids, 
it is obvious that its rapidity must, under equal circiunstances, 
be in proportion to mis extent of surface. Thus, a given 
quantity of water will evaporate four times as soon flrom a 
vessel two feet square, as it will from a vessel of one foot 
square. In respect to temperature, it hardly need to be re- 
marked, that fluids evaporate more rapidly in warm, than in 
cold situations, and that the process is hastened in proportion 
to the degree of heat employed. 

Fluids evaporate much more rapidly in a dry, than in a 
damp atmosphere. Even when the season is cold, if the air 
be dry, this process goes on rapidly, while it is comparatively 
slow, during the warmest season, if the air is already satura- 
ted with moisture. 

As evaporation consists in the formation of vapor, and the 
subsequent removal of successive portions of the evaporating 
fluid, by the air which comes into contact with its surfece, it 
is obvious that the process must be more rapid in a current of 
air, than it is in a place where the air is still. And hence we 
find by experience, that eijMjoration is more rapid in the open 

How ifl it shown that evaporation takes place without the aid of heat? What relation 
does (here seem to be between the boiling point of a fluid and its evapQiationI What 
aie the chief circumstances which influence evaporation! Is evaporation most xqpid 
In hot or coid weather % In what does evaporation consist 1 Why m qrapocatim mora 
npid in the open air, t^ in the house ? 
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air tban in the hacue, and that under equal circumstancei^ 
ia most speedily efieoted daring a strong wind. 

We have already explained, that one of the jpeculiar cir- 
cnmstances attending the formation of steam, is the large 
quantity of caloric which it absorhs, and carries away. Now 
it appears by experiment, that the conversion of fluids into 
Taper always requires large quantities of caloric, which be- 
comes latent in the vapor, however slowly the process is car- 
ried on, and hence imder ordinary circumstances, evapora- 
tion, by conveying off the heat, has the efiect of generating 
cold. To make this fact sensible by experiment, we have 
only to pour a little ether on the hand, wnen a strong sensa 
XiiHX of cold will be felt during its evaporation. TVhen on 
clothes are wet by a shower of rain, we feel cold for the same 
reason, but the sensation is less strong, because the evapora- 
tion of water is not so rapid as that of ether. 

It has been explained that water boils at a lower tanpera- 
ture in proportion as the pressure of the atmosphere is remo- 
ved. For the same reason, evaporation under equal circum- 
stances, is most rapid when the weight of the atmosphere is 
removed, as under the exhausted receiver of the air pump. 

The cooling effects produced by the evaporation of water 
in the open air are not strikingly apparent, because the pro- 
cess is comparatively slow, and therefore the quantity of ca- 
loric carried away from a body in any given time, is but little 
more than it receives from surrounding objects. But when 
water is placed in a vacuum, its evaporation is very rapid, 
and did not the vapor from it fill the vacuum, and tnus 
prevent &rther evaporation, the heat would be carried away 
so rapidly as soon to turn the water to ice. 

^^' ^' This curious 

effect is produ- 
ced by means 
of an instru- 
ment invented 

by Dr. Wollaston, and called the Cryophorus, ox Frost hearer^ 
Fig. 2. It consists of two glasi^alls as free from air as pos- 
sible, and joined together by a Ass tube. One of the balls 

What iiaaid concerning the latent heat of Taporl How te cold produced by eTapori^ 

Uonl Does the presBure of the atmosphere ihfluenoe this proceal Why does not the 

erapoTBtioa of water from the lorfiice of the earth produce intense coldl How may 

the evaporation of water be made so rapid as to turn itnlf into ioel What is Um 

nstrument, FI9. % called? 
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contains a portion of distilled water, while the other parts of 
the instrument, which appear empty, are ftiU of aqueous va- 
por, which prevents the rarther evaporation of the water by 
the pressure the vapor exerts on it. But when the empty 
ball is plunged into a freezings mixture, all the vapor witnin 
it is condensed; and then the evaporation becomes so rapid 
from the water in the other ball, as to freeze it in a few mi- 
nutes. To make this experiment succeed, the tube should be 
a yard long, the balls holding about a quart each. The same 
euect on water will be produced by the evaporation of ether 
under the exhausted receiver of an air pump. 

This exj)eriment may be conveniently made by placing a 

little water in a glass cup, and covering it with etner, ibfler 

Pig. 3. which suspend the cup within the receiver of 

/^ the air pump, as shown at Fig. 3. On exhaust- 

y^X^K. ^^S *^ receiver, the ether will boil, in conse- 

y^ i F >. quence of its rapid evaporation, and in a few 

I \ minutes the water will be frozen. 

Evaporation takes place constantly, from the 
sur&ces of our bodies, and it is owing to this 
circumstance that men are enabled to undergo 
exercise during the heat of summer. 

In general, the more violent the exercise, the 
greater is the quantity of perspiration arising 
from the surface, and consequently the greater 
the qiiantity of heat carried away. In this 
manner nature regulates the heat of the system, 
and during health sustains the equilibrium of animal tempe- 
rature. Whenever this exhalation from the skin is suppressed, 
which only results from disease, the temperature of the sys- 
tem rises, and fever succeeds. In some cases of this kind, 
the heat of the human body exceeds that of the standard of 
health by seven or eight degrees. 

The natural temperature of the human body in health, is 
about 98 degrees, and whenever the heat of summer is equal 
to that of the body, it becomes exceedingly oppressive. The 
least exertion then brings on copious perspiration, which, in- 
deed, prevents the immediate consequence of a higher ani- 
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BuJ teixH)enitare, but which is generally succeeded by hn- 
gnor and debility. 

It is a wonderful &ct, that the living animal has the power 
of resisting both heat and cold, and-of maintaining its own 
temperature, whatever may be the temperature of me air of 
water in which it is immersed. Sir Joseph Banks, and Sir 
Charles Blagden, found by experiment that they could en- 
dure for a short time the heat of a room, the temperature of 
which was 264 degrees, that is, 52 degrees hotter than boilr- 
ing water. These gentlemen found that their hands, could 
not bear the heat of their watch-chains, or metallic buttons, 
but that their chests felt cold, and that the temperature of 
their bodies was not elevated above 98 degrees. In this 
room, eggs placed in a tin frame, were roasted in twenty 
minutes, and beef-steak was well cooked in about the same 
time. 

Conductors of Caloric 

Some bodies have the power of conducting caloric much 
more rapidly than others. Thus one can hardly hold a brass 
pin for a moment, in the flame of a lamp, without burning his 
fingers, while a piece of glass of the same size, may have 
one of its ends melted with heat, without wanning the 
other. 

Bodies which are most dense are generally the best con- 
ductors. Thus the metals conduct better than stones ; stones 
better than earth ; earth better than wood ; and wood better 
than charcoal, cloth, or paper. But in particular cases there 
is no relation between the density of the body, and its power 
to conduct caloric. Thus platina is the most dense of the 
metals, and still it is one of the worst conductors among them ; 
and glass is a worse conductor, than many substances of less 
than half its density. 

The conducting powers of difierent substances, are ascer- 
tained by making rods of the same length and size, of each 
substance ; one end of which being coated with wax, the 
other end is placed in a vessel of hot water, and the state of 
the wax on each, at the end o§ a given time, will show its 
comparative conducting power.' 



What ifloaid of the powOT of uilmds to ntitt heat M well M cold 1 Whatetriklng 
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Solid substances, such as the metals, condact calorie in all 
directions, whether upwards, downwards, or sideways, with 
nearly equal &cility. 

Of all solids, those which are most porous, conduct heat 
with the least &cility. It is on this account that flannel is 
warmer in the winter, (han silk or linen. It does not so 
readily conduct away the animal heat. It is owing to the 
air, which loose spongy substances .involve, that they resist 
the passage of heat better than those of a closer texture.— 
Thus eider down, and fur, make the warmest clothing, be* 
cause they contain the most air among their parts, and for the 
same reason cotton batting is much warmer than the same 
weight of cotton cloth. 

The imperfect conducting power of snow, also arises from 
this cause. When newly &llen, a great prpportion of its bulk 
consists of the air which it contains, as may be readily proved 
by the comparatively small quantity of water it makes when 
melted. Such a provision was designed for the benefit of 
man, in preventing the destruction of various products of the 
earth during the cold of winter. Farmers, in cold climates, 
always Icunent the nakedness of the earth during the winter, 
because many of their crops are in consequence injured by 
its severity. So great is the protecting effect of snow, that 
in Siberia, it is said, when the temperature of the air has been 
70 degrees below the freezing point, that of the earth imder 
the snow has seldom been colder than 32 degrees. 

Our ordinary sensations every day convince us of the dif- 
ferent powers of various substances to conduct heat. In the 
winter, the diflferent articles in a cold room convey very dif- 
ferent sensations to the hand. A pair of tongs will conduct 
away so much heat from the hand as to give a sensation of 
pain, while a piece of fur, en: flannel, scarcely feels cold, and 
yet both are of the same temperature, when tested by the 
thermometer. 

Liquids communicate heat with considerable rapidity, 
though they conduct it so imperfectly that Count Rumford, 
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after jnany experiments, concluded that they were ahsolutely 
non-conductors. 

Liquids convey heat chiefly hy a change of place among 
their, particles. When a vessel of wateir is placed over the 
fire, that portion of the fluid nearest the heat having imbibed 
a portion of caloric, becomes lighter than before, and rises 
upward, communicating a part of its heat to the portions 
above. At the same time, that which is above sinks to the 
bottom of the vessel, and having obtained its portion of calo- 
ric, again rises, giving out a share to the surrounding fluid, 
Like the former. In this manner does the water in the differ- 
ent parts of the vessel exchange places until the whole g^ns 
the temperature of 212 degrees. 

But though fluids convey heat chiefly by exchanging the 
places of their particles, yet they are not wholly without the 
power of conducting it in any direction. 

Count Rumford, we have already stated, decided from his 
experiments that liquids were perfect non-conductors of heat; 
but Dr. Murray, and since him, other experimenters, have es- 
tablished the contrary doctrine. Dr. Murray's apparatus 
consisted of a vessel of ice, at the bottom of which was pla- 
ced a delicate thermometer. The vessel was then partly filled 
with oil, at the temperature of 32 degrees, so as to cover the 
bulb of the thermometer; and nearly touching the oil, was 
suspended an -iron cup, into which was poured a quantity of 
boiling water. In seven and a half minutes the heat from the 
water had raised the thermometer from 32 degrees to 37|- 
degrees, when it became stationary, and then graduEilly be- 
gan to fall. 

Dr. Hope placed water in a vessel of eleven inches in dia- 
meter, and so contrived his apparatus, that a stream of cold 
water should circulate around this vessel, to prevent its con- 
ducting power from affecting the result. He then applied 
heat to the upper surface of the water in the vessel, and found 
by the indications of a thermometer placed in it, that the fluid 
conducted the caloric downwards. 

By such nice experiments only, has it been ascertained, 
that fluids conduct heat downwards; while under all ordi- 
nary circumstances, they may be considered perfect non- 
conductors. 
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Ezptuuive Power of Heai. 
One of the most remaTkable properties of heat aiisea from 
the mutual repulsion of its paTticlea, so that whea ii enleis 
into other substanoes, it overcomes the cohesive attraction of 
their pails, making' them less dense than before, and thus eo- 
largins their dimensions. In general terms, therefore, heat 
ex^noa all bodies. The ratio of this expansion, however, 
dineia greatly in different substances. Thus, with the same 
iacrements of heat, fluids expand more than solids, and aeri- 
' form bodies more than fluids. There is also a considerable 
difference in the expansibility of difierent aolids and different 
liquids ; but the aeriform fluids, as air and the gases, all ex- 
pand equally, with the same increase of temperature. 

The expansion of a solid is readily proved, by adapting: m, 
piece of metal, when cold, to an orifice, or notch, and then 
heating it, when it will be found too targe for its farmer place. 
f. The cylindrical piece of brass, ^Kached 

the handle a, fig. 4, is exactly fitted 
J to the notch in the plate h, and also to 
the aperture through the plate, so that it 
will enter the nolch, and pass throagh 
the aperture, when cold ; but when heat- 
ed, even below redness, it will neither 
enter the notch, nor pass through the 
aperture. This proves that heat enlar- 
ges, or expands the dimensions of aolids 
in every direction. 

Tbe relative degrees of expansion 
which different soli£ undergo, at low de- 
grees of heat, are shown by an instru- 
itcalledthefyrotaefer, one form of which is seen at Fig. 5. 
A rod of any 
netal,a,is laid 
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is then heated by the spirit lamps d, and its comparatiye ex** 
paxKsion is shown by the multiplied motion of the index e, 
along the graduated scale. 

In comparing different substances by means of this instru- 
ment, it will be necessary that all the rods should be of the 
same size and length, and that the heat of the lamps should 
be applied the same length of time. 

From experiments made with this instrument, it appears, 
that in most instances, there is a relation between the expan- 
sion of the metals, and their fusibility, and in general, that 
those which are most easily fusible, expand most with equal 
increments of heat. Thus lead, tin, and zinc, expand much 
more by the same degrees t)f heat, than copper, silver, and 
iron, and the former are much more easily lusible than the 
latter. 

The expansion of the metals by heat, is often turned to ad- 
vantagl^ by certain mechanics and artizans in their business. 
In constructing large cisterns for brewers, or other manufec- 
turers, the hoops are made too small for the circumference 
of the vessel. They are then heated, and in this state driven 
on the vessel, and as they contract in cooling, the vessel is 
thus bound together more firmly than could be done by any 
other means. Carriage-makers, by heating the iron b^nd, or 
tire, which surrounds the wheels of carriages, and putting it 
in its place while hot, bind these parts together, with the 
greatest possible firmness. 

The great force with which metals contract on cooling, 
was strikingly illustrated some years since in Paris. The 
two sides of a large building in that city, having been pressed 
out bvthe weiffht of its contents and the root M. Molard pro- 
posea to remeay the evil, by making several holes in the two 
walls, opposite to each other, through which, strong iron bars 
should be introduced, so as to cross the inside of the build- 
ing, from one wall to the other. On the projecting ends of 
the bars, on the outside of the building, were screwed strong 
plaUbs of iron. The bars were then heated, by which their 



What bodies expand least, and what most, by heati What is said of the equal ex« 
pansionof lur and the gases b/heat? How is the expansion of a piece of metal 
Aown by fig. 4 ? How are relative degrees of expansion which solids undergo a»> 
certained 1 Explain fig. & What relation is thore between the expansion of metals 
and their fusibilities 1 In what mechanical arts is the expansion of the metals, by heat, 
turned to adrant^e 1 In what manner were the walls of a building in Paris drawn 
towards each other by mueansof heat 1 
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*end8 were mad^ to pioject further beyond the walls, thus per* 
mitting the plates to be advanced, until they again toucned 
the walls, which might be an inch, or more. The bars, then, 
on cooling, contracted, and drew the walls as much nearei 
each other as the bars expanded in heating. There were 
two sets of these bars, so that, while one set was contracting 
and drawing the wall to its place, the other set was heating, 
and prepairing to retain what was thus gained. In this man- 
ner, a force was exerted, which the power of man could 
scarcely have applied by any other means, and by which the 
walls of an immense building were made to resume their 
perpendicular position. 

The expansion of a liquid by heat, may be strikingly shown 
by means of a glass ball, with a long small tube attacned to it 
When the ball, and a part of the neck, are filled with a liquid, 
'and heat applied to the ball, the liquid expands, and continues 
to rise up the tube with considerable rapidity, until ^ liquid 
boils, when it will be thrown out with great for^ by the 
steam. 

The different expansibilities of different fluids by the flame 
increase of heat may be shown by two such vessels as that 
just described. 
Fig^6. On the tube of each, ^ a mark at the same 
height and fill one up to the mark with alcohol, and 
the other with water. Then plunge the bulbs of 
both into the same vessel of boiling hot water, thus 
making the heat applied to each, exactly equaL— 
Both the fluids will expand, and rise up the tubes, 
but the alcohol will be found to rise about twice 
as high as the water. 

It has already been remarked, that the ratio of 
expansion in all aeriform fluids, is equal, with 
equal increments of heat. 

If therefore, the ratio of expansion for one gas, 
as for instance, oxygen, be known, then the ratio for all the 
other gtises, as well as that for the common air, which we 
breathe, will be indicated. 

From the experiments of several philosophers, it is proved, 
that this rate of expansion is equal to the -rhrth part of the 




la what manner ia the expansioa of a fluid moit strikingly shown 1 How an tfaa 
difierant expansibilities of different fluids ahownl Explain Fig. 6. How much mon 
•xpaiMiUe.saliu^l than water 1 What is the ratio of expansion In aerifoirmbodiait 
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volume which the gas occupied, for every degree of Fahrem 
heit's scale, at 32° and upwardis. This calculation is made 
from the experiments of Gray Lussac, who found that 100 
parts, or volumes of air, at 32° expanded to 137.5 parts, 
when heated to 2 1 2°. The increase of bulk for 1 80 degrees, 
that is, from the freezing to the boiling point, is therefore 
B7fj which, by calculation, will be found nearly -rhrth part 
for each degree. 

The expansion of air by heat may readily be shown by 
blowing up a bladder, and securing the mouth by a string, so 
that none can escape, and then holding it towards the fire. 
As the air becomes rarefied by the heat, the bladder will be- 
come more and more tense, until it bursts with an explosive 

report. _ 

A more elegant experiment is, to take a 
glass tube, terminated by a bulb, and put in 
so much water as to about half fill the tube, 
and then, having immersed it in a vessel of 
water, as represented in Fig. 7, apply the 
heat of a lamp to the bulb. As the heat 
rarefies the air in the bulb, the water will 
be forced down the tube, but will slowly 
rise again to its former place, by the^ pres- 
sure of the atmosphere on the fluid, iivhen 
the heat is removed, and the air in the ball 
allowed to contract. 

Radiation of Heat 
When we approach a heated body we become serfsiblethat 
it emits caloric without touching it, and if a thermometer be 
carried near, this will indicate an increase of temperature. — 
The caloric thus flowing from a heated body, is called radiant 
caloric, because it radiates, or is thrown oflf in all directions, 
like the rays of light from a radiant point. If the hand be held 
under the h^^ated body, a sensation of warmth will still be 
perceived, which proves that this eflTect i? produced without 
the intervention of a stream of heated air, which is felt only 
above the hot body, and never below it. Neither is this 
effect produced by the gradual conduction of the calorio 
by the air, for the heat from a hot ball may be felt in the 

. _ _ _ . - — 

What Is the dilTerence in the balk of 100 parts of air at the freexing and boiling points 
■ of waterl What simple experiments show the expansion of air by heat?— Explain Fig 
7. What la meant by radiant beat? How is it proved that radiant heat is not oondoclad 
^tbsairt 




KADIATION OF HSAT. 

open air, at a distance from it and in the direction cohtrairy to 
that of the wind. It is found also, that caloric radiates equal- 
ly well through all the gases, and better through a yacuuip 
than any medium; and hence we may infer that no medium 
at all is necessary for the passage of radiant caloric. 

When radiant caloric fails upon a solid or liquid, its ra3r8 
are either reflected from it, and thus receive a new directioii, 
or they lose their radiant form entirely by absorption into the 
body. Thus, a substance highly polishea will throw the heat 
back, towards the radiating body, and remain cold itself; while 
another substance, with a rough surface, will become warm at 
the same distance, because it absorbs, but does not reflect the 
heat. Radiant heat, and light, follow exactly the same laws 
in their passage to and from polished sur&ces, the angles of 
incidence and reflection being equal. 
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Thus the ray a, c. Fig. 8, is the ray of inci- 
dence, and c, d, is the ray of reflection. The 
angles which a € make with the perpendicular 
line e c, and the plane of the mirror, are exact- 
ly equal to those made by e, d^ with the same 
■^perpendicular, and plane sur&ce. {See Optici 
in Nat Philosophy/.) Hence with a concave 
mirror, the rays of heat, like those of light, 
may be concentrated, or collected to a focus, 
and by means of two such mirrors^ very inter- 
esting experiments may be made, illustrating the 
laws of xfCdiant heat, in several respects. 

Provide a pair of concave metallic mirrors, about ten or 
twelve inches in diameter, and two in concavity. They may 
be made of common tinned iron, or of brass, which is better, 
but nqpch more expensive. 

Pig. 9. Thes« mir- 
rors nitty be 
supported by 
stands mada 
of wood on 
which they 
slide up and 
down, and 
are flxed by 
thumb^rews 
.. .^ t^ as represent- 
<3 C^ edmFig.9> 

How ta a Aown Omi no oMditim «t an to necflHazjto ooa?^ nMUaat odoticl- 
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Pboe the mirrors at the same height, on a bench or taUe, 
'^fXtdly hcing each other, and from ten to twenty feet apart, 
4M they are less dr more perfect, and place a screen of paper 
at other substance between them. Then in the focus of one 
«iirror place a cannon ball, heated a little below redness, and 
in the other focus place a thermometer. When every thing 
IB thus prepared, remove the screen, and the thermometer 
will instantly begin to rise, and will finally indicate a degree 
of temperature depending on the size and perfection of the 
mirrors, their distance apart, and the heat of the ball. The 
focus of a twelve inch mirror of the ordinary shape, is about 
four and a half inches distant from the centre of concavity. 

By placing the mirrors near each other, and using a red 
hot ball, a much more striking experiment may be made, for 
on removing the screen, powder will flash in the focus as if by 
magic, since the eye cannot detect the cause on which its 
infhunmation depends. 

The dotted lines in the drawing, Fig. 9, show the course 

, of the rays of heat from ihe hot ball to the thermometer. 
The ball being placed in the focus of the mirror, the caloric 
radiates to all parts of its surface, and being reflected under 
the same angles at which it falls, the rays are thrown into pa- 
rallel lines, and thus become incident rays to the second mir- 
ror. By the same law of incident and reflection, the se- 

' cond mirror conveys the rays to a focus at the same distance 
before it, that the hot ball is placed before the first mirror, 
because their focal distances are just equal. The heat of 
the ball is therefore concentrated on the bulb of the ther- 
mometer, which is placed in the focus of this mirror. If a 
burning lamp be placed in the focus of the first mirror, and 
a piece of paper, or the hand, in the focus of the second, 
there will be seen a bright luminous spot on the paper or 
hand, showing that light follows the same laws of reflection 
that heat does. 

There is however a remarkable difierence between the sub- 
Stances of which mirrors are commonly made, with respect 
to their powers of reflecting heat and light. A concave glass 
mirror, covered in the usual manner with amalgam, when 
placed before a red hot cannon ball, will reflect the light, 

DoM heat tiidiate through solid bodimi Explain Fig. 8^ and slioir which is the 

• ny of incidence and which that of reflection. Explain Fig. 9 ; show the diiection of 

die lajB of heat from the heated ball to the mirrora, and from the mimn- to the iher* 

mometer. How is it shofwn by the miiror that heat and light fdloir the aane law* 

ofieflectionY 
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kfot not t&e heat, the mirroT itself abBorbing the radiant ca- 
loric, and soon growing wann. But a well polished metallic 
mirror reflects both the heat and light, and although held so 
near an ignited body, as were it combustible, to be inflamed, 
it still remains cold. For the same reason, andirons, which 
are kept highly polished, will remain cold though near a 
-winter's fire. Any one who has undertaken to boil water in a 
silver cup before the fire, will be convinced of the power of a 
bright metallic surface to resist the penetration of caloric. 

The nature or colours of the surfaces of bodies have also 
an important influence over their power of radiating calorio. 
When other circumstances are equal, the rate at which 
bodies cool appears to be in an inverse ratio to the polish, 
or brightness of their surfaces. Thus, the sur&ces of bodies 
are found to radiate heat more rapidly when they are rough 
than when smooth, and most rapidly when their sur&ceis are 
both rough and dark coloured. 

Mr. Leslie covered one side of a cubical tin vessel with 
lamp black, another side withtf^riting paper, a third with 
glass, and left the fourth uncovered. 

The vessel was then filled with hot water, and placed 
before a concave mirror, in the focus of which was placed 

an air thermometer, as repre- 
sented by Fig. 10. On turning 
the black sioe towards the re- 
flector, the fluid in the ther- 
mometer indicated a rise of 
temperature equal to 100°: 
the papered side being tumea 
towards the reflector, the 
thermometer sunk to 98° ; 
the glass side indicated 90° j 
and the metallic side only 
12°. The radiatinff power 
of these surfaces, therefore, 
are respectively to each other as the numbers 100, 98, 9(i 
and 12. 




' Wbit ifl the diffeienoe between a mirror of gtaas and one of meta], in their powers lo 
fi^ect heat and light? Why do poliidied andirons remain cold when near the fire t 
Wkgr 'm it difficult to boil water in a bright metallic yessell What efieet does the Dafnre^ 
« eolorof aaurfiice^ have on its radiating power? DeMribo Fig. 10, and ezpUdn how 
Aa diibmit mrfiiceB affect the thermometer 
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Various piactical uses may' be made, of this principle m 
the common concerns of life. 

A cldse stove, intended to warm a room by radiating its 
beat to the objects surrounding it, should be dark coloured, 
with a rough sur&ce; while one intended to warm with hot 
air passing through it, should have a bright metalHc surface. 
A dark, rough stove pipe, passing through a room, might ren- 
der it comfortably warm; while a polished tin pipe, -of the 
same length and dimensions, would hardly change its tem- 
perature perceptibly. For the same reason, a highly polish- 
ed metallic coffee pot will keep its contents hot, while the 
contents of one made of dark earthen ware would become 
nearly cold. 



Specific Caloric, 

Equal weights of th^ same substance, at the same tempe- 
rature, contain equal quantities of caloric; but equal Weights 
of different substances at me same temperature, contain un- 
equal quantities of caloric. The quantity peculiar to each 
body, or substance, is called specific caloric. When one 
body of the same weight is found to contain more calbric 
than another, that containing the most, is said to possess the 
greatest capacity for caloric, 

Wheii equal quantities of the same fluid at different tem- 
peratures are mingled together,! the resulting temperature is 
a medium between these temperatures. Thus, if a quart of 
water at 100° be mixed with another quart of water at 40®, 
the temperature of the mixture will be 70°. The same re- 
sult will occur when any other liquid is mixed in equal propor- 
tions, but at different temperatures, as oil, alcohol, or mer- 
cury. But when equal quantities of different fluids are min- 
gled together, at different temperatures, the resulting tem- 
'peratiire is not a medium, but is either above or below it. 

We should expect without experiment, that quicksilver 
would possess a greater capacity for caloric than the same 
bulk of water, and therefore that when equal quantities of 
these two fluids at different temperatures are mixed, the 

* ' ' ' ■ ■ — ■■■■ ^ . , „ — ■ II I ■ ,■■ ■ ■■ I ■■■■ , m ^.^^iiB^M^ 

WhatpraalcaliMegixuifbexnadecmthepruwtplaaestaUishfldl^Mr. L^ ezpe- 
rimentl Wh/ doea a bright coffee pot keep its contents warm longer than one that i» 
tarnishedl What is meaotbfapeciilc caloric) What is meant tqr capacity for calorie t 
Suppose equal quantities of the aame fluid at diioNiit tampontuns are mixed, whttf 
will be tlw resulting t^mperotore 1 
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mnltiBig tanperatBie would be aboTe the arithmetieal mean. 
But in this we are disappointed ; for if we mix a quart of 
water at 40^ with a quart of quicksilver at 100^, the tempe- 
rature of the mixture will not be 70°, as in the experiment 
with the water alone, but only 60°. This proves that a 
quart of quicksilver, although it weighs about fourteen times 
as much as a quart of water, still contains less caloric, and 
therefore that water has a greater capacity for caloric than 
quicksilver. For, in the first experiment, a quart qf water 
nt 100° raised the temperature of another quart at 40° to 
70°; but here a quart of quicksilver at 100° raises the heat 
of the same bulk of water to only 60°. The quicksilver, then, 
loses 40°, which nevertheless raises the temperature of the 
water only 20°. 

The relative capacities of water an4 quicksilver for heat, 
may be shown by mixing equal weights of the two fluids at 
difierent temperatures, and then ascertaining how much the 
resulting temperature differs from the arithmetical mean. 

Mix a pound of water at 100° with the same weight of mer* 
cury at 40°, and the heat of the ifbixture will be 98°; that is, 
28° above the s^^ithmetical mean, because when equal 
weights of water were mixed at these temperatures, the re- 
sulting temperature was only 70° ; but here it is 98. The 
water, then, has lost only 2°, while the same weight of mer« 
cury has gained 58°, for the temperature of the mercury be- 
fore the mixture was only 40°, while that of the water wac 
100° The capacity of water for heat, is therefore to the 
capacity of mercury for the same, in the proportion of 58 to 
2, or as 29 to 1. 

It appears from a great variety of experiments' made by 
different philosophers on this curious subject, that whatever 
may be the cause of the different capacities of bodies for 
heat, the effect is greatly influenced by the state of density in 
which bodies exist, and that in general their capacities in- 
crease, in a ratio to the decrease of their specific gravities. 
In the above experiment, the capacity of water is to mercury 
as 29 to 1, while their specific gravities are as 1 to 14. 

Various methods have been employed by philosophers to 
ascertain the capacities of the several gases for heat. 



When fluids of diflbrent kinds axe mixed under the same circiunstaaeei^ wQl the result* 
ing temperatiue be a medium 1 Which fluid has the greatest capacity ftr (Bsloriey water 
orquicksilTerl How is this ehownl If a pound oC mercury at 10** be mixed with a 
pooid of water at 1(XP, «hat wiU be the nnilting temperatural 
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To detennine and compare the relativo capacities of theM 
bodies in this respect, Gay Lussac contrived an apparatus, by- 
means of which, a hot current of one gas met a cold current 
of another gBS, in the centre of a small reservoir, containing 
a thermometer. A thermometer was also jdaced in the cur- 
rent of each gas before they met. Thus by knowing their 
temperatures before their mixture, and afterwards, it was easy 
to infer their respective capacities for caloric. 

Bernard, in order to determine the specific caloric of elas- 
tic fluids, caused them to pass througn a pipe inclosed in a 
larger pipe, the latter being constantly filled with steam. In 
this manner he was enabled to know precisely the temperature 
of the gas under experiment, and also to raise the tempera- 
ture of each to the same degree. Having thus determined 
its temperature, the gas was then made to pass into a spiral 
tube immersed in cold water, and the specific caloric of each 
gas was inferred by the quantity of heat it imparted to the 
'water. By these and similar experiments, it has been ascer- 
tained that the aeriform fluids difier greatly in the quantities 
of their specific caloric, — ^thus, the capacity of hydrogen for 
caloric is more than 12 times greater thap the capacity of an 
equal bulk of atmospheric air, though the air weighs about 13 
times as much as the hydrogen. It is also ascertained that 
put of nine gases on which experiments were made, none ex- 
cept hydrogen has a capacity for heat equal to that of water, 
but that they all have greater capacities than any of the me- 
tals. Hydrogen, the ughtest of all bodies, has the greatest 
capacity for heat, while the metals, the most ponderous of all 
bodies, have the least. • 

The same substance by having its bulk enlarged, and con- 
sequently its density decreased, acquires an increased capa- 
city for caloric. Thus water, when thrown on the bulb of a 
thermometer, sinks the mercury, because, in assuming the 
form of vapour, its capacity for caloric is increased, and it 
consequently absorbs and carries away the heat from the mer- 
cury. Some philosophers have accounted in part, for the 
intense cold in the upper regions of the atmosphere, on tbe 



What are the proportiooate capacities of mercury and water for heat 1 In general, Co 
the capacities of bodies for heat f ncrease, or decrease, with their densities 1 By what 
merhod did Gay Luaeac determine the capacities of the gaaea for caloric 1 By what xne* 
thod did Bernard determine the capacities of the gaaes for caloric 1 What gas has tho 
greatest capacity for heat 1 In general, what class of bodies have the greatest, and wbM 
the least capaciQr for heati 
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sajiposition of th^ increased capacity of tlie air for heat aB 
the pressure of the incumbent atmosphere is removed. On 
the contrary, we know, that by ittereasing the density of air, 
its capacity for caloric is diminished, and that under certain 
circumstances ftufficient heat may be set free in this manner 
to produce ignition. 

Fig. \ 1. This effect may be produced by the little instru- 
mtnt represented by Fig. 11. Ik consists of a metallic 
tube ten, or twelve inches long, the bore of which is 
less than half an inch in diameter. To this is fitted 
a rod and piston, moving air tight, the lower end of 
the piston being excavated to receive a little tinder. 
When the piston is suddenly foiopd down, nearly to 
the bottom of the tube, the condensation of the air it 
contains, evolves so much heat, as to set fire to the 
tinder in the end of the piston, and in this way a fire 
may conveniently be kindled 

• • 
^ Thermometer, 

The thermometer is an instrument founded on the principle; 
that the expansion of matter is proportional to the augmen- 
^tion of temperature, and is designed to measure the varia** 
tlons of heat and cold. 

The first attempt to measure such variations on this prin- 
ciple was made by Sanctorius, an Italian physician, in the 
seventeenth century. He employed a glass tube blown into a 
ball at one extremity, and open at. the other. AHer expelling 
a small part of the air by heating the ball, the open end was 
plunged into a vessel of colored fluid, and as the air in the 
(all cooled, the fluid ascended up the tube. Any variation of 
temperature by expanding, or contracting the air in the ball, 
would then cause the liquid in the tube to rise or ML An 
arrangement of this kind is represented at Fig. 7 



If a hoif hafl its bulk enlarged, is its capacity for heat increased or diminished there- 
by 1 How lias the intense cold of the upper regions been accounted fur on this princi- 
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Rg. IS. ' A htMa: conatrnction for an ait thennomftcr il 
^ represented at Fi; 12. It consiate of a thin glaas bot> 
lie, conlaininr a amU quantity: o{ a colored liquid, and 
stopped closdy by a cork. Through the cork is passed 
a bri^cen thenntHiietei tube, ppen at bath ends. This 
tube descends nearly to the bottom of the bottle, and 
dips into the fluid. There is, therefore, a quantity of 
air above the fluid which cannot escape, and when this 
expands by the application of heat, the fluid is forced 
f*h, up the tube. Thus the height of the fluid will indicate 
/ \ the expansion of the air, and consequently, the degree 
■HP of heat to which the instrument is exposed. 
There are, however, two objections to (he employment of 
air for this purpose. Ite expansions and contractions are so 
great even by small changes of temperature, that a tube, se- 
veral feet in length would be required to measure them; and 
as air suffers condensation by pressure, the variation of the 
barometer would affect its height, at the same lerapenHure. 

For these reasons, the air thermometer, for common pur- 
poses, is both inconvenient and inaccurate, and therefore has 
long since been laid aside. There is, however, a modifica- 
tion of (his instrument, invented by Mr. Leslie, and called 
the differential (hermometer, which for certain purposes ia-a 
Tenr elegant and useful instrument. 

t^g. 13. A drawing of (his instrument is represented by 
Fig. 13, and it is designed, as its name imports, to 
shew the difference of temperature between two 
places at short distances from each other. It con- 
V siats of a glass tube terminated at each end by a 
' bulb, and tent as shown in the figure. The tube 
is pardy filled with some colored fluid, as sulphu- 
ric acid, tinged with carmine, or alcohol, colored 
by cochineal, the bulbs and other parts of thetube. 
being filled with air. i 

It wUl be obvious, from the construction of this 
instrument, that it cannot indicate the temperature 
of the atmosphere, since an equal expansion of 
the air in both bulbs would press equally on the 
fluid in both legs of the (obe, and consequently 
' it would rise in neither. But if one bulb is ex- 
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posed to 8 higher t^npeiatare than the other, then the 
pulsion of the air in diis, will be greater than in the other* 
and consequently the fluid will rise towarA the bnlb where 
the air is least expanded. 

The use of this thermometer, then, consists in showing the 
difftrtTice of temperature to which the two bulbs are exposed, 
as in experiments on the radiation of heat, already describe 
The scale affixed to one of the legs, shows the rise in degreeSi 
and is divided into 100 parts. The legs are si^ inches long» 
and the bulbs an inch or a little more in diameter. Tm 
stand may be of glass or wood. Some of these instruments 
are so delicate as to be affected by the approach of the hand. 

Air, being inapplicable to the construction of thermometers 
for the purpose of measuring the absolute t^nperatme of 
places or things, for the reasons already noticed, solid bodies 
are equally so from a contrary defect ; their expansion by 
heat being so small as not to be appreciated without the 
adaptati6n of complicated machinery. A perfect substance 
for this purpose, would be a fluid, which would expand uni- 
fbrmly with equal increments of heat, and which would nei- 
ther freeze nor boil at any temperature to which it might be 
exposed. Mercury approaches nearer to these conditions 
than any other substance, and therefore this is the fluid now 
almost universally employed. 

The blowing of the best thermometer tubes requires much 
experience and skill in the workmen, and is performed only 
by particular artists. This is the most difficult part of its 
construction. The mercury is introduced by heating the 
bulb, and thus rarefying the air within it, and then dipping 
the open end of the tube into a vessel of the fluid. As tne air 
contracts within by cooling, the pressure of the external at- 
mosphere forces the mercury to enter the tube to supply its 
place. When the bulb is nearly filled in this way, the mer- 
cury is boiled, to expel the air. 

Having filled about one third of the tube, the open end is ' 
sealed hermetically, that is, by melting the glass. This is 
done while the mercury in the bulb is heated nearly to its 
boiling point, so as to exclude all the air. 

Having sealed the end of the tube, the next step in the 
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eoiutrActimi of the theimometer, is its graduation. This ii 
done by asceitainio^ two fixed and inTariable pointB on the 
tnbe, which are ifce same in every iheimometei, and then by 
making a scale of equal divisions between these two points. 
These are the freezing and boiling points. 

The freezing point is found by immersing the bulb of 
the thermometer in melting snow or ice, for it has been as- 
^rtained, that the lemperaluie of water flowing from melting 
enow or ice, is every where the same, whatever may be the 
heat of the atmosphere where the e.iperimenl is made. The 
boiling point is aUgbtly affected by the pressure of the atmos- 
phere; but the thermometer will be sufficiently accurate for 
all ordinary purposes, when this point is ascertained by im- 
mening the bulb in pure boiling water, open to the air, and 
on the level of the sea, during pleasant weather. [See Ba- 
rometer, in Nat. Philosophy/.) 
Fig. 1 4. The freezing and boiling points are marked with 
A diamond or file, on the tube ; and on the scale to 
\ be afterwards affixed, the freezing point, is marked 
32, and the boiling point, 212. The interval be- 
tween these two points is then accurately divided in- 
to 180 equal parts. This is the division of Fahren- 
heit's scale, the thermometer generally employed 
in this country, and is the only scale roeired to in 
this work. 

The commencement of this scale is 32 degrees 
below the freezing point, and is called zero, being 
marked with the cif^er 0, to signify the total ab- 
sence of heat. This degree of cold, it is sup- 
posed, Fahrenheit obtained by mixing snow and 
common salt, and it was probably the greatest de- 
gree of cold known in his time, though al the pre- 
sent day certain mixtures produce much greater, 
and at a future period, the progress of science may 
show the means of abstracting neat, so as to solidify 
even the air we breathe. The absolute zero must 
therefore be considered an imaginary point. 

Besides the Zero and the freezing and boiling 
points, marked on Fahrenheit's scale, Fig. 14, 
there are also noted the temperature of the hlood, 
and the heat of summer, and sometimes other 
points, as fever heat, &c. 
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Cold. 

Cold is a negative condition, and depends on the absenoei 
or privation of neat. Intense artificial cold may be produced 
by the rapid absorption of heat during the conversion of 
solids into liquids. Dr. Black long si^ice discovered the 
principle, that when bodies pass from a denser to a rarer state, 
neat is absorbed and becomes latent in the body so transform- 
ed, and consequently cold is produced. And also that when 
bodies pass from a rarer to a denser state, their latent heat is 
evolveo, and becomes sensible. 

It is known to almost every one, that dissolving common 
salt in water, particularly if the salt is fine, will render the 
water so cold, even in summer, as to be painful to the hand. 
The salt, as it passes from the solid to die liquid state, ahsorbs 
caloric from tlie water, and thus the heat that was before sen- 
sible, becomes latent, and cold is produced. 

On the contrary, when a piece of lead or iron, is beaten 
smartly with a hammer, it becomes hot, because the metal, in 
consequence of the hammering, has its capacity for caloric 
reduced, and thus the heat which was before latent, now be- 
comes sensible. For the same reason, when air is compress- 
ed forcibly in a tube, or as it is sometimes called, in a fire- 
pump, as already explained, the heat, which was before latent, 
becomes sensible, because the condensation lessens its cajia- 
city for caloric. * 

The principle on which all freezing mixtures act, is there- 
fore the change of state, which one or more of the articles 
employed undergo, during the process, and this change con- 
sists in an enlarged capacity for caloric. The degree of cold 
will then depend on the quantity of caloric which passes 
from a free to a latent state, and this again will depend on 
the quantity of substance liquefied, and the rapidity of the 
liauefaction. 
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The substances most commonly emplojred for tliis purpose 
ore those originally used by Fahrenheit, to produce the zero 
rf his thermometric scale ; viz. common salt and snow, or 
^oimded ice. For this purpose the salt should be fine, and 
the ice, which must always be used in summer, is to be re- 
duced to small particles in a cold mortar. 

Fig' 15. The vessel to contain the substance to be 

Ci| := frozen, may be made of tin, and of the shape 

represented by Fig. 15. It is simply a tall ves- 
sel, holding a few pints, with a close cover, and 
a rim round the top, for the convenience of 
handling it. For common purposes, this may 
be set into any convenient wooden vessel, (hav- 
ing first introduced the substance to be frozen,) 
and then surrounded by the freezing mixture. 
The only care to be taken in this part of the 
process is, to see that the freezing mixture in 
the outside vessel reaches as high as the con- 
tents of the internal one. With two or three pounds of fine 
common salt, and double this weight of pounded ice, three or 
ftur pints of iced cream may be made in this way, during the 
warmest days of summer. The process requires two or 
Ihree hours, and while it is going on, the vessel should be set 
in a cellar, or covered with a fiannel cloth, as a bad conductor 
•of the external heat. 

• When the thermometer is at 32^, the cold generated by 
the above process; sinks it down to zero, as above stated. By 
this method, two solids are changed into liquids, and both du- 
ring the change, absorb caloric firom the contents of the inner 
Tessel. The salt melts the ice in consequence of the' avidity 
with which it imbibes moisture, or by reason of its afiinity to 
water, and the water in its turn dissolves the salt. 

Other substances having a stronger afiinity (see afiinity) 
for water than common salt, will produce the same efiects 
still more powerfully. Thud, muriate of lime (see this article) 
five parts, and ice four parts, will sink the thermometer from 
32® to 40° below zero, that is, in the whole, 72 degrees. At 
this temperature, mercury freezes. A still more effective 
mixture is four parts of fused potash, and three parts of snow. 
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TWs is said to sink the mercury from 32" to 50* below zero, 
that is, 82 degrees. In these experiments the thermometers 
are filled with alcohol, instead of mercury. 

Freezing mixtures are also made of a solid and a fluid. 
One of the most effectual of this kind is composed of diluted 
sulphuric acid- and snow, or pounded ice. This sinks the 
mercury from 32° to 23* below zero. 

Though ice or snow is commonly employed for this pur- 
pose, still powerful frigioric effects may be produced witnout 
either, the absorption of caloric being caused by the rapid 
solution of a salt in a fluid. One of the most common and 
cheap among these is a mixture of sulphate of soda or Glau- 
ber's salt, and diluted sulphuric acid. This sinks the mer- 
cury from 50" to 3" above the freezing point, that is 47*. 

In describing experiments of this kind, it should always be 
noted from what point the thermometer begins to descend, 
otherwise no judgment of the power of the freezing mixture 
can be formed. If, for instance, a mixture would cause the 
depression of the thermometer from, and below any given 
point, then by repeating the process continually, we should 
be able to find the absolute zero. Thus, by means of muriate 
of lime and snow, the thermometer is made to sink 82*, that 
is, from 32° above, to 50° below zero. Now if the same 
cause would again produce the same effect, by its re-appli- 
cation," the thermometer would sink to 132" below zero, a 
degree of cold never yet produced by any means. But an 
unlimited degree of cold can never be produced by the art of 
man ; for it is found on experiment, that when the tempera- 
ture produced by the freezing mixture is greatly below that 
of the air, the caloric is so rapidly communicated, as to pre- 
vent any effect by repeating the process. Mr. Walker, who 
made a great number of experiments on this subject, was 
never able to produce a greater degree of cold than that of 
100" below the zero of Fahrenheit. 

Sources of Caloric. 
The sources of caloric may be reduced to six, viz. The 
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Sua, Comlnutsoii, Electricity, the bodies of liTing warm 
blooded animals, Chemical action, and Mechanical action. 

The Sun constantly radiates caloric to the earth, and is 
tile i^eat fetmtain of heat to us and to the whole solar 
n^steni. 

Combustion. This supplies the heat employed in the arts, 
and for culinary purposes. In this process the caloric is ex- 
trieated from the oxygen of the atmosphere, as it unites with 
tbe hnrning body and supports its combustion. The b'ght is 
Supposed to be furnished by the burning body. ; 

jEleeiricitf/. Whenever two bodies in opposite electrical 
steites are made to approach each other, so as to produce a 
diseharge through the air, or along a nonconductor, there 
appears a flash of light attended by heat. By the action of 
Utuivanism, which is a modification of electricity, the most 
int^Quse heat hitherto known has been produced. 

Wh^i the electric fluid passes through a piece of metal, or 
ether conductor, of sufficient size, no phenomena are produ- 
ced: but in its passage through a nonconductor, or through a 
conductor whicn is too small to admit of a free passage, heat 
k produced. (See Electricity, in Nat. Philosophy.) 

Vital action. The bodies of air breathing animals are a 
continual source of heat. The numerous theories which 
have been invented to account for the cause of animal heat 
cannot here be investigated. That it however depends on 
die osygen of the atmosphere which we breathe, seems to be 
fiscfwei by the &ct, that animal warmth cannot for any l^igth 
of time be sustained without it. 

Chemical action. Chemical action without combustion is 
capable of producing considerable degrees of heat. If water 
he thrown on unslacked quicklime, in small quantities at a 
time, its heat will be gradually augmepted to nearly 1000 
, deg., or so as to ignite wood. The heat in this experiment 
is accounted for, on the law already explained, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 
The slacking lime absorbs the water and retains it as a part 
of its substance, and thus a fluid is converted into a solid, 
ivith the evolution of much caloric. 
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' ff three portsof strong; sulphyric acid and one of water be 
saddenly mixed together, a degree of heat considerably, 
above tliat of boili^ water will be produced. In this case 
the heat is also accounted for on the principle of condensa- 
tion, for if the two fluids be measured before and afler mix- 
ture, it will be found that their union has occasioned a loss 
of bulk, and probably also a loss of capacity for caloric. 

The inflammation of Spirit of Torpentme by nitric acid 
is a case of intense chemical action, in which 1000 de* 
grees of heat are evolved. About an ounce of the turpentine 
with the same weight of nitric, mixed with a little sulphuric 
acid, are the proportions. The acid should be poured on 
the turpentine from a vessel tied to a line several feet long; 
as the explosion sometimes throws the burning mattear to a 
considerable distance. 

Mechanical action. This mcludes percussion^ friction^ and 
amdensaiion. 

Caloric is evolved by the ftrcusnon of hard bodies against 
each other.- This is owing to the condensation of the body 
struck, in consequence of which its latent heat becomes sen* 
sible. 

If a piece of soft iron be struck smartly several times with 
a hammer, on an anvil, it becomes hot, and even red hot, if 
the experiment be well conducted. 

Whsa a piece of steel and a flint are struck together, the 
condensation produces so much heatr as to set fire to the 
small particles of steel which at the same time are struck off 
by the blow. 

Friction, Caloric is evolved, or produced bv irictioii. 
The friction of machinery when the motion is rapii^ freipKnl- 
ly causes so much heat as to set the wood on fire. The in* 
habitants of various nations obtain fire by rubbing pieces of 
dry wood togeth^. The friction of carriage wheels smne* 
times s^ them on fire. 

The principle on which caloric is produced by friction has 
aot been demonstrated. It cannot be r^erred to cond«!isai> 
tion, since the rubbiag of two soil bodies together, such as 
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the hand against the coat sleeve, or the two hands against 
each other, causes heat. 

Count Rumford, who made a laborious and varied course 
of experiments on this subject, was led to Ae conclusion that 
the heat produced by friction could not be connected with 
the decomposition of oxygen gas, nor with the increase of 
density, nor could it be caused by any change in the specific 
caloric of bodies. Others have also made experiments with 
a view to determine this question, but as yet no one has pre- 
tended to give any satisfactory explanation of its cause. 

The Condensation of an elastic fluid by sudden pressure 
causes heat, as has already been explained, and illustrated 
by Fig. 11. The heat evolved in this case arises simply 
from the diminish^ capacity of the air for caloric, in conse- 
quence of its increased density. 

lAght, 
The next imponderable agent which falls under our notice, 
is light. The investigation of the properties of light, — ^its 
laws of reflection and refraction, and its effects on the sense 
of vision, and subjects belonging to the science of Optics. 
{See Optics in Nat. Philosophy.) Some of the effects of 
light are however properly considered here, since they pro- 
duce chemical phenomena. 

Light may be decomposed by means of a prism, into seven 
primary colours. The succession of these colors, beginning 
with the uppermost, is violety indigo^ blue, green, yellow, or^ 
ange, red. 

The decomposition of light, only requires that a ray should 
be admitted through a small aperture into a room, and made 
to pass through a triangular prism, as represented by Fig. 
16. 

Fig, 16. The direction of the 

ray towards the point 
c will be changed by 
ithe refractive power of 
the prism, and at the 
same time it will be de- 
composed into the col- 
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ors already named, the violet corresponding with 1» aad the 
red with 7. < It may be observed by the figure, that the red 
is refracted least, and the violet mostf from the direction of 
the original ray, these two colours terminating the under and 
the upper parts of the spectrum. • 

These seven, are called the .primary colours, since they 
cannot by anv known means be again decomposed, or sepa« 
rated into other colours. The whole seven are called the 
solar spectrum. 

The heating powers of these several colours are different. 
Take a sensible air thermometer (fig. 13) and move the bulb 
in succession through all the coloured rays, waiting at each 
for the fluid to rise, or fall. The thermometer will be found 
to indicate the greatest heat in the red ray, next in the green, 
and so on in a diminishing ratio to the violet. 

When the thermometer is moved a little beyond the red 
ray, but in a line with the spectrum, the heat is still greater 
than in the ray itself These heating rays are invisible to 
the eye, and hence it is concluded that there exists in the 80-> 
lar beam, a distinct ray which causes heat, but no light. 

The illuminating power of each primary ray in the solar 
spectrum, is different from the other. This is proved by 
permitting the spectrum to fall on a large printed sheet, of 
the same sized type, when it will be found, that at the same 
distance, the parts illimiinated by some of the rays can be 
read, while those illuminated by others are indistinct. 

Light is capable of being absorbed by certain substances: 
of remaining m them for a time, and then of being extricated 
unaltered. Such bodies are called solar phosphori. 

Phosphorescence. 

Phosphorescence may be defined, the emission of light 
without sensible heat, or without combustion. 

A considerable number of substances have the power of 
absorbing a quantity of light when exposed to the rays of the 
sun, and of emitting it again, so as to become luminous in 
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the dark. Most substances lose this property in a short time, 
but acquire it again by another exposure to the sun, and this 
may be repeated any number of times. Several substances 
by this treatment become so luminous as to render minute 
objects visible in the dark. Canton's phosphorus is of this 
kind, and may be prepared as follows : Calcine common oys- 
ter shells in the fire for an hour ; then select the purest and 
whitest parts, and reduce them to fine powder. Mix three 
parts of this powder with one of sulphur, and having pressed 
the mixture into a crucible, keep it red hot for one hour. 
Then let the crucible cool, and select the brightest and purest 
parts, which cork up in a dry vial for use. 

When this composition has been exposed for a few minutes 
to the light of the sun, and then carried into the dark, it will 
be sufficiently luminous to show the hour by a watch dial. 

The same property is possessed by compositions called 
Romberg's and Baldwin's phosphorus. The diamond, also, 
possesses this property, as shown by the celebrated experi- 
ment of Dufay, who, having exposed a diamond to the light, 
immediately covered it with wax, and on removing the wax 
several months aflerwards, found that it shone in the dark. 

Some substances phosphoresce by friction ; some by 
scratching, and others by heat. 

That variety of carbonate of lime called dolomite^ gives 
light on being rubbed. Loaf sugar mixed with whites of eggs 
and dried, as is done for the frosting of cake, emits a streak 
of light on being scratched with a sharp point. Several va- 
rieties of fluate of lime, and of marble, emit light when 
coarsely powdered and thrown on a hot plate of iron, so as 
to be seen in the dark. 

A piece of tobacco pipe, or a piece of quicklime, when 
heated by the compound blowpipe, or by other means to a 
degree which would only make other bodies red, give out a 
brilliant, phosphorescent light, which is so intense as to be 
come intolerable to the eyes. 

4.nother kind of phosphorescence may be observed during 
the decomposition of certain animal substances. Thus, if a 
small piece of fresh herring, or mackerel, be put into a two 
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<nmce vial of sea water, or into pure Tirater, with aUttle com- 
mon salt, and the vial be kept in a warm place for two ot 
three days, there will then appear a luminous ring on the 
sur&ce of the water, and if the vial be shaken, the whole will 
give a phosphorescent light. 

Light produces very material effects on the growth of all 
vegetables, from the most humble plant, to the tallest tree of 
the forest. Plants, vegetating in the dark, are white, feeble, 
almost tasteless, and contain but little combustible or carbo- 
naceous matter. On exposing such pknts to the light of the 
sun, their colours become green, their tastes become much 
more intense, and the quantity of their combustible matter 
becomes greatly increased. These changes are strikingly 
obvious, and beyond all doubt depend on the agency of light 

Light not only affects the natural, but in many instances, 
the artificial colours of things. In this respect, however, its 
efEdcia appear not to be reducible to any general law, for in 
some instances it destroys, and in others it augments, or even 
creates, the colours of bodies. * 

On exposing bees w^ to the sun and moisture, its colour 
is discharged, and it becomes white ; it is also well known 
that the colours of printed goods, and of carpets, are changed 
or &ded, by the same influence; and that the former mode 
of bleaching, consisted in exposing the cloth to the united 
influence of light, air, and moisture. 

On the contrary, the colours of plants appear to be exclu- 
sively owing to their exposure to light, and various chemical 
preparations, such as phosphorus, and the nitrate and chloride 
of silver, become dark coloured, and even black, by the influ- 
ence of light 

Light has also an important and curious influence on the 
crystallization of salts. Make a strong solution of the sul- 
phate of iron, in water, and place it in a shallow disL Cover 
one half of the dish with a black cloth, and set it in a darkened 
room, permitting only a single ray oif light to enter, so as to 
strike upon the solution in the uncovered part of the dish. 
Thus one half of the solution will be exposed to the light, 
while the other half will be in darkness. After the dish has 
^ood in this situation for a day or two, it will be found that no 
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oigiiB of crystallization are to be seen in that part of the solo* 
tioii which has been kept in the dark, while that part which 
has been exposed to the light will be completely crystellized. 

Another curious &ct connected with this subject, is, that 
plants emit oxygen gas, through the influence of the sun's 
light. To make this obvious, fill a tail glass vessel, such as 
a bell glass, with water, and invert it into another vessel <^ 
water. Then introduce into the bell glass some sprigs of mint 
or any other plant of vigorous gfrowth, and expose the whole 
to the action of the sun. Small bubbles of air will soon ap- 
pear, as though issuing from the leaves of the plant. These 
will, one after another, detach themselves and arise to the 
upper part of the vessel, and on examination, the air thus 
extricated will be found to consist of very pure oxygen gas. 
{See Oxygen.) 

In this experiment, the water serves only as the means of 
collecting the oxygen ; the water itself not being decomposed 
by the plant, but only the air which it contains. The air 
which we breathe contains a quantity of carbonic acid, which 
18 decomposed by the organs of the ijlant, the carbon being 
retained, while the oxygen is emitted. {See Vegeiatian,) 

Electricity* 

Tile third imponderable agent is Electricity, inchiding 
Galvanism. 

The ancients knew nothing of electricity as a science. 
They knew indeed that amber and glass, when rubbed, would 
attract light substances; and about the beginning of the eigh- 
teenth century, it was discovered that a certain stone called 
tourmaline, would attract feathers and hair when heated, and 
that some precious stones would do the same when rubbed. 
As an important science, electricity can claim no higher date 
than the age of Franklin. 

Gralvanism is of much more recent date than electricity. 
This science owes its name and origin to an accidental dis- 
covery made by Galvani, an Italian, in 1791. Galvani wasr 
professor of anatomy at Bologna, and his great discovery 
seems to have been owing indirectly to the sickly condition 
of his wife. This lady being consumptive, was advised to 
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Hk^ 6oap made of the flesh of frogs, as the most delicileaii* 
triment One of these animals, ready skimied, happened 19 
lie on a table in the professor's laboratory, near which stood 
an electrical machine, with which a pnpil was making expe- 
riments. Whil.e the machine was in action, the pupil chan- 
ced to touch one of the legs of the frog with a knife which he 
held in his hand, when suddenly the dead animal was thrown 
into yiolent convulsions. This singular circumstance excited 
the attention of the sick lady, who was present, and it was 
communicated to her husband, who was out of the room at 
the time. Galvani immediately repeated the experiment, and 
soon found that the convulsions took place only when a spark 
was drawn from the electrical machine, the knife at the same 
time touching the nerve of the frog. He also ascertained 
from farther investigations, that the same contractions were 
excited without the agency of an electrical machine, provi- 
ded he employed two metals, such as zinc and silver, one of 
which was made to touch the nerve, while the other touched 
ihe muscle of the frog. [See Galvanism.] It is from such 
a beginning that the now important science of Galvanism had 
its origin. 

Electricity, as an agent, is considered as an exceedingly 
subtle fluid, so light as not to affect the most delicate ba- 
lances, — amoving with unmeasurable velocity, and pervading 
all substances. It is therefore its effects on other bodies, 
only, or its phenomena, which it is in our power to examine* 

The simple fects on which the whole science of electricity 
w founded, may be stated in a few words. 

If a piece of glass, amber, or sealing wax, be rubbed with 
the dry hand, or with fiannel, silk, or fur, and then held near 
small light bodies, ^ch as straws, hairs, or threads, these 
bodies will fly towards the glass, amber, or wax, tbus rubbed* 
stnd for a moment will adhere to them. The substances haw* 
ing this power of attraction, are called electrics, and the agen-* 
ey by which this power is exerted is called electricity.. Some 
bodies, sueh as certain crystals, exert the same power when 
heated, and others become electric by pressure^ 

Although these are simple facts on which *the science is . 
based, yet electricity exhibits a vast number of curious and 
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17. interesting' phenomena, depending on the varietjr* 
and kind of machinery, and the quantity of the 
electrical influence employed. 

When a piece of glass, or other electric, has 
been rubbed, so as to attract other bodies, it is said 
to be excited, and it it is found that most substances 

/are capable of this excitement when managed in a 
peculiar manner. 
The most common are, amber, glass, rosin, sul- 
phur, wax, and the fur of animals. When an excited electric is 
presented towards a small ball, made of pith, or cork, and sus- 
pended by a string, Fig. 17, the ball is attracted to the elec- 
tric, and adheres to it for a moment. And if two such balls 
be suspended so as to touch each other, and the excited 
Pig. 18. electric be made to touch one of them, the 
other will instantly recede from the one so 
touched, that is, they will mutually repel each 
other, and remain for a short time in the posi- 
tion shown by Fig. 18. If while they are in 
this position, one of them be touched with the 
finger, or a piece of metal, they will again in- 
stantly attract each other, and come together, 
and if suspended apart, will forcibly approach each other, as 
represented by Fig. 19. 

lig. 19. In the explanation of these phenomena, we sup- 
ipose that all bodies are pervaded with the electric 
fluid, but that when in equilibrium, like air and water, 
it produces no obvious effects, and that it is only 
when this equilibrium is disturbed, or when some 
bodies contain more of the fluid than others, that 
electrical effects can be produced. 

When an electric is rubbed witVthe hand, or other 
exciting substance, it receives a portion of the electric fluid 
from that substance, consequently the electrk, then, has a 
greater portion of electricity than is natural, while the hand, 
or other substance, has less. When two bodies are in different 
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electrical states, that is, when one has more, or less than the 
natural quantity, they attract each other. This is illustrated 
by Fig. 17, where the bail is represented as moving towards 
the excited electric. 

But when two bodies have each more or less than the natu- 
ral quantity, they repel each other. This is illustrated by 
Fig. 18, wfiere the repulsion is caused by the communication 
of an uncommon share of the fluid from the excited electric 
to one ball, and from this ball to the other, and thus the two 
balls have more than their ordinary quantity of electricity, 
and are in the same electrical state. 

On touching one of the balls with the finger, they again 
attract each other, because the finger deprives this ball of a 
part of its electricity, while the other ball is not aflfected, and 
thus the two balls are thrown into different electrical states. 
This is illustrated by Fig. 19. 

To account for electrical phenomena. Dr. Franklin sup* 
posed, as above stated, that all terrestrial things had a natural 
quantity of that subtle fluid, but that its effects became appa- 
rent, only when a substance contained more or less than the 
natural quantity, which condition is effected by the friction 
of an electric. Thus, when a piece of glass is rubbed by the 
hand, the equilibrium is lost, the electrical fluid passing from 
the hand to the glass, so that now the hand contains less, and 
the glass more, than their ordinary quantities. These two 
states he called positive and negative, implying the presence 
and absence of the electrical fluid. If now a conductor of 
electricity, such as a piece of metal, be made to touch the 
positive body, or is brought near it, the accumulated fluid 
will leave this body and pass to the condtlctor, which will 
then contain more than its natural quantity of the fluid. But 
if the conductor be made to touch a negative body, then the 
conductor will impart a share of its own natural quantity of 
the fluid to that body, and consequentl]^ will contain less thaa 
ordinary. Also, when one body, positively, and the other 
negatively electrified, are connected by a conducting sub- 
stance, then the fluid rushes from the negative to the positive 
side, and the equilibrium is restored. 



When do bodies attract each other through the influence of electricity! When do 
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This theory, originally inTented by Dr. Franklin, will ac- 
count satisfactorily for nearly every electrical phenomenon. 
There is, however, another theory, that of Dufay, which is 
still embraced by some writers. 

This theory supposes that there are two kinds of electrici- 
ty, which are termed the vitreous and resinous, corresponding 
with the positive and negative of Franklin. This theory is 
founded on the &ct, that when two pith balls, or other light 
l>odie6, near together, are touched by an excited piece of 
glass, or sealing wax, they repel each other. But if one of 
the balls be touched by the glass, and the other by the wax, 
they win attract each other. Hence Dufey concluded that 
electricity consists of two distinct fluids, which exist together 
in all bodies: that these two fluids attract each other, but 
that they are separated by the excitation of an electric, and 
that when thus separated, and transferred to non-electrics, as 
to the pith balls, the mutual attraction of the two electricities, 
causes the balls to rush towards each other. 

The electricity corresponding with the positive of Franklin, 
tt called vitreous, because it is obtained from glass ; while 
the other is called resinous, because it is obtained from wax 
and resin. 

• In respect to the merit of those two theories, we can only 
say here, that Franklin's is by &r the most simple, and ac- 
counts equally well for nearly every electrical phenomenon. 

Somebodies permit the electrical fluid to pass through them 
without difficulty. These are called conductors. They are 
the metals, water, and other fluids, except the oils, steam, ice, 
and snow. The best conductors are gold, silver, platina, 
brass, and iron. The conductors are non-electrics, that is, 
they show no signs of excitement when rubbed, under com- 
mon circumstances. The electrics are non-conductors, that 
18, they will not conduct the electric fluid from a negative to 
a positive substance, and when excited, this fluid accumulates 
on their sur&ces, because they have not the power of con- 
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ducting it away. A body is said to be insulated^ wben it is 
supported by a non-conductOT. A man standing on a stool 
siipported by glass legs, or standing on a cake of wax, is in- 
sulated. When one body, or system of bodies, is in the posi- 
tive state, the other part, or system, being contiguous, is in- 
variably in the negative state. If one end of a stick of seal'^ 
ing-wax, or glass rod, be positive, the other end will be nega- 
tive, and if one side of a plate of glass be positive, the other 
side will be negative. {See Electricity in Nat Philosophy.) 

Chemical Effects of Electricity. 

The chemical effects of electricity are most conspicuous 
in that form of this agency known under the name of Galr 
vanism, but there are many instances in which common elec- 
tricity produces important chemical changes. 

When powerful electrical discharges are passed through a 
glass tube containing pure water, by means of a gold or pla- 
tina conductor, the water is decomposed, and resolved into its 
two elements, hydrogen and oxygen (see these articles,) which 
IV - oQ imm^ately assume the gaseous form. If af- 
terwards the gaseous mixture thus obtained 
be submitted to electrical shocks, the re-union 
.£— of these elements will again be effected, the 
hydrogen will be inflamed, while its combus- 
tion will be supported by the oxygen ; the 
gaseous mixture will entirely disappear, and 
water will be formed. 

The method of performing this experimeiit 
is shown by Fig. 20, where a represents a 
glass tube containing the two gases, and b, c, the two elec- 
trical conductors, the points of which approach so near, as 
to permit the fluid to pass through the gases, from one pomt 

to the other. j. , j ... r *i. 

To explain the phenomena of the decomposition oi tne 

water by electrical agency, we have to suppose that the two 

gases are naturally in opposite states of electricity, but thut 
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when united to fonn water, the electricity is in a state of eqni- 
libnum. When therefore water is submitted to the power of 
tliis agent, this equilibriam is destroyed, the negative gas or 
oxygen passing to the positive conductor, while the hydrogen 
being in a positive state, passes to the negative conductor. 
Thus the fluid is decomposed, and assumes the gaseous form 
of its constituents. 

The union of the two gases, and the consequent recompo- 
sition of water, is simply in consequence of the heat evolved 
by the electrical shock, as it passes through them. A degree 
of heat by any other means, sufficient to inflame the hydro- 
gen, would produce the same effect. 

Precisely the same phenomena are produced by galvanism, 
both in respect to the decomposition of water, and the re- 
union of its elements. When sulphate of copper is submit- 
ted to the action of a powerful electrical machine, the salt is 
decomposed, and the metal is revived around the negative wire. 
Other metallic salts undergo the same decomposition. 

These effects arise from the different electrical states of the 
elements of which the salta are composed, the positive ele- 
ment being attracted to the negative conductor, and the con- 
trary. It will be seen directly, that the indentity of galvanism 
and electricity is proved by many similar results. 

Galvanism. 

It has already been stated, that the science of galvanism 
had its origin from an accidental discovery made by a pupil 
of Gialvani, an Italian professor. 

This subject was afterwards prosecuted by Galvani, with 
the most untiring ardor and with great success ; and as his 
discoveries were made known, from time to time, to the scien- 
tific world, philosophers in.all parts of Europe vied with each 
other in repeating his experiments, in varying them in all 
possible ways, and in maHiag new experiments to account 
for the cause of the novel and surprising phenomena they 
observed. An account of these researches belong to the 
history of Galvanism, and cannot be included in this concise 
^tome of the science. 
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It most suffice here, to state that the discoyeries of Profes- 
lor Volta of Pavia, have contribated more towards the pro* 
gress and development of the true principles of this science^ 
than the united researches of all his co-labourers. The dis- 
covery and invention of the Galvanic, or Voltaic pile, the en- 
tire merit of which belongs to the Professor of Pavia, re- 
moved all doubt respe-cting the identity of electricity and gal- 
vanism, and is said to have been the result of deep medita- 
tion and reasoning. Volta' s discovery was publishea in 1 800, 
and since that time several modifications, and many improve- 
ments in the mode of extricating the galvanic influence, have 
been made ; they all, however, appear to be founded on his 
original invention. 

To make this subject plain, it is nditssary to state, that 
Gralvani found that when the diflferent parts ot a recent ani- 
mal, as the nerves and muscles, were made to touch each 
other, and then the opposite ends of this series made to com- 
municate by means of two different metals, signs of electri- 
city were always apparent. Hence Galvani concluded that 
the dififerent parts of animals were in opposite states of elec- 
tricity, and that the metals only served to restore the equili- 
brium. On the contrary, Volta maintained that the electrical 
excitement was owing to the contact of the two metals, and 
that the animal substances only served to conduct the fluid 
from the positive to the negative metal. And to show that 
this was tne true theory of the phenomena, he proved by di- 
rect experiment, that when a piece of zinc, and a piece of 
silver, are placed in contact, and moistened, they are both 
excited, the zinc positively and the silver negativery. Thus, 
when a piece of silver, as a dollar, is placed on the tongue, 
and a piece of zinc under the tongue, and then their two 
edges made to touch each othe^ electricity will pass firotn 
the zinc to the silver, of which l^e person will be sensible, 
not only by a peculiar metallic Mste, out by the perception of 
a slight flash of light, particularly if the eyes be closed. 

The quantity of electricity evolved by two pieces of metal, 
being exceedingly small, Volta tried the experunent of adding 
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many pieces, urangnig them in pain, with a conductor be- 
tween them, and found that the galvanic influence was in- 
cieased in pTopoition to the numhei of plates thus combined 

Such attempts led him finally to construct the Voltaic pile, 
already mentioned. This pile consists of a multiplied num- 
ber of galvanic series, terminating at one extremity by a 
positive, and at the other by a n^pitiye conductor. 

The conditions necesaary for galvanic excitation are en- 
tirely diSerenl from those under which common electricity' is 
obtamed. We have seen that electricity is accumulated when 
an electric or non-conductor is rubbed with the dry hand, or 
with another non-conductor, as a piece of silk or fur. In or- 
dinary galvanic excitation, such substances as are called elec- 
trics are not conceftied. 

These substances are all conductors of the electric fluid ; 
one of them a simple conductor, the other two having each 
the additional power of different degrees of electrical, or gal- 
vanic excitement. 

These three substances are usually zinc, water, and cop- 
per, and these, arranged in the order named, compose a sim- 
ple galvanic circle. 

The water, which is mixed with a small quantity of acid, 
not only serves as a conductor of the galvanic fluid, from the 
positive to the negative metal, but also by acting slightly on 
the nuials, is the efficient cause of the galvanic excitation. 

F^ff. 21. This arrangement, together with the course of 
^ the electrical agent from one metal to tho other, 

I and through the water to the first metal again, 
will be understood by Fig. 21. 
Suppose c to be a plate of copper, and z a plate 
of zinc, touching each other at the top, and placed 
in a vessel of acidulated water. Then the action 
of the acid will produce an evolution of electri- 
city from both metals, that from the zinc being positive, and 
that from the copper negative. The electrical fluid will 
therefore pass from the zinc through the water to the copper, 
and from the copper by contact to the zinc, and so in a per- 
petual circuit in tne direction of the arrows. 
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It ia a mnltiplieation of 'this principle, ifaat is, by feimior 
a series of simple galraxiic circles, which composes the g«^ 
lanic pile, or pile of Volta, already moationed 

This compound galvanic circle is constituted by a series of 
simple circles, so united, as to concentrate the influence of 
the whole at a given point It may be constructed as follows : 
Provide three glass rods, say of two feet in length each, 
and fix these in an angular direction from each other in a base 
of wood. Provide ahp circular plates of copper and zine, 
two or three inches in diameter, about the eighth or tenth of 
an inch thick, and in number proportionate to the power of 
the intended pile. Next cut out the same number of circu- 
lar pieces of card paper, or of woollen ckt|^ that there axe 
pieces of either metal, but less in size. Iflmng thus obtained 
the elements of the pile, its construction consists in placing 
first on the base, or board within the rods, a plate of copper, 
then on this a plate of zinc, and next, on the zinc, a piece of 
the paper, or cloth, dipped in salt water, or acidulated water, 
p- 22 thus forming a single galvanic circle. The same 
^' ' arrangement is observed throughout the whole 
series, that is, copper, zinc, paper; copper, zinc, 
paper; except in the last circle, or top of the 
pile, which ends with the zinc. Fig. 22, repre- 
sents such a pile, a^ b^ being the glass rods and 
izr, a;, the pieces of wood, the upper piece having 
holes to admit the rods in order to make them 
secure. 
1^ Such a series, af^rds a constant stream of the 
galvanic influence, but is always most powerful 
wh^i first constructed, or before the plates become oxidated. 
On this account, after having been some time in use, it re-^ 
quires to be taken in pieces, the plates cleaned from rust, 
and then again reconstructed, when it regains its original 
energy. 

A pile composed of two dozen plates of each metal, will 
give a small shock, which, when taken by the hands, may be 
felt to the elbows. The mode of receiving the shock,* is by 
wetting the hands, and then having placed one of them in 



Hoiw li the pile of VoHa oonstractedl After the frame ki maSe, and the plstea of 
metal endpaper prepared, how is the pQe then coDBtructedl When doee the pile ope- 
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pile? 
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contact with the zinc plate, which terminates one end of th« 
pile, touch with the other hand, the copper plate which ter- 
minates the other end of the pile. Or these two plates may 
be touched with a wire, wound with a wet rag and held in the 
palm of each hand. When experiments are to be made by 

Sassing the galvanic influence through any substance, this is 
one by connecting a wire with each terminating plate : the 
two moveable ends of the wire being then brought near each 
other, and the substance placed between them, the fluid passes 
from the positive to the negative side, and so through the sub- 
stance. These wires are called the poles of the Voltaic pile. 

Any number of these piles may be connected together by 
making a metallic communication from the last plate of the 
one, to the first jflate of the other, always observing to pre- 
serve the order of succession from the zinc to the copper, 
and from the copper to the zinc. In this manner a galvanic 
battery is constructed, the power of which will be propor- 
tionate to the number of plates employed. 

The galvanic fluid, it ought to have been observed, is ex- 
tricated only on condition that one of the metals employed 
be more easily oxidated, or more readily dissolved in an acid, 
than the other. Any two metals will form an effective gal- 
va|iic apparatus on this condition, and it is always found that 
the metal having the strongest affinity for oxygen is positive, 
while the other is negative. Thus, any metal, except that 
which has the least affinity for oxygen, of all, may form the 
positive or negative side, by having another metal more or 
less oxidable than itself, placed in contact with it. 

Copper, in contact with zinc, is negative, because zinc is 
most easily dissolved, or has the strongest affinity for oxygen 
of the two. But when copper is in contact with silver, it 
becomes positive, while the silver is negative ; and for the 
same reason silver becomes positive when in contact with 
gold, or platina. The greatest effect is produced, other cir- 
cumstances being equal, when two metals are placed together, 
one having the greatest, and the other the least affinity for 
oxygen, as zinc and platina. 

When it isreqairedto pass the electricity through a substance, how is this done) 
What ore the wires or conductora called 1 How is a galvanic battery constructed? How 
must the metals differ, in respect to their affinity for oxygen, in order to evolve galvanismi 
In what electrical state is the metal which has the krongest affinity for ozygi^ 1 What 
will be the state of copper when in contact with zinc ? What will be the state of copper 
when in contact with silver or gold 1 What metals will produce the greatest efibct aa 
thisaccounti 
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Since the inyention of Yolta, a great Tariety of ctiflbrenl 
methods have been devised, in order to extricate the galvanic 
fluid with greater convenience, or with greater power ; and 
also to modify its action for different purposes. 

Among these inventions, the galvanic trough is one of the 
most convenient and commoii in this country, though by hi 
less powerful in proportion to the sur&ce of the metal em- 
ployed, than several others. 

In this arrangement, the plates of copper and zinc are pla- 
ced with their flat sur&ces m contact, and are soldered tog^ 
ther on the edges. These plates are then fixed in grooves^ 
cut in the opposite sides of a long narrow mahogany box, 
lewing between them narrow intervals. The box of course 
is open on one side, the aids and bottom being made water 
tight, and also the cells between the plates, by cement In 
fixing the plates, it is obvious that all the zinc surfaced must 
be on one side, or &ce in the same direction, and all the cop- 
per sur&ces on the other side. 
Fig. 23. 

Fi^. 23 represents such a 
trou^, furnished with con- 
ductors of brass wire, w, w, 
which are fastened to the 
two end plates, or merely 
dipped into the cells. Tho 
latter is the most convenient method, on account of its allow- 
ing the operator to graduate the shock at pleasure, by inclu- 
ding between the poles a greater or less number of the plates. 
The conductors pass through the glass tubes, a, a, so as to 
allow the operator to handle them without receivinfi^ the 
shock himself, and then pass to a glass plate on which the 
subject of experiment is laid. 

When this trough is to be used, the cells between the 
plates are filled with water containing in solution a quantity 
of common salt, or made slightly sour by muriatic, sulphuric, 
or nitric acid. If the water is made warm, the action will be 
much increased. Care must be taken that too much acid bo 
not used, for if the action on the zinc plates is such as to 

What method of extricating the galvanie power 10 said to be among the most can- 
yenient 1 Describe the construction of the galvanic trougli. In what ordBr must 
the |riate0 of zinc and copper be placed 1 Which i^said to be moat coDTenieDf^ to 
eoonect the poke to the ptates^ or merely to dip them into the cellsl What an tto 
vnaof thttglaaitubeBaat When the trongh is to be ua«l^ with what an toa eeik 
flUedf 
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oceaAion the entdtsion of bubbleft of hycbrog«|l, die galtnic 
action ceases almost entirely. 

After the trough is filled with the water, its edg)e», and 
also those of the plates, must be wiped dry, and care must be 
taken that it does not leak, otherwise the electric fluid will he 
conducted away by the water. Want of attention to these 
circumstances, will sometimes occasion an entire £ulure of a 
galvanic experiment 

Another mode of arranging the galvanic apparatus, is by 
means of a row of glasses, each containing solution of com- 
mon salt, or a dilute aeid. In each glass is placed a plate 
of copper and another of zinc, not in contact, but so con- 
nectea by slips of metal, or by wires, that the zinc in one 
eup shall be connected with the copper of the next cup ; the 
zinc in the second cup with the copper of the third, and the 
copper of the third with the zinc of the fourth, and so on 
through the series ; except the terminating cups, which coih 
tain.ikily a single plate each, one of copper and the other c^ 
zinc. This arrangement will be understood by Fig. 24, where 
I^g, 24. a, a, a, are the glasses, z the zinc, x 

the copper, and w the wires by which 
they are connected. The advantage 
of this method consists in the exposure 
of the two sides of the plates to the 
action of the acid ; while by soldering 
the plates, as in the construction of the trough just described, 
one of the surfaces of each metal is protected from the acid, 
and contributes nothing to the effect But the bulk of this 
apparatus, and the danger of breaking the glasses in case of 
transportation, prevents its general adoption. 

A convenient and more compendious modiiScation of this 
principle has therefore been contrived, and is called the 
trough batterp. In this arrangement,, the zinc and copper 
plates are united in pairs, as just described, by means of 
slips of metal, which are soldered to each other. Twelve pairs 
of these plates are then fastened to a piece of baked wood* 
being placed at such a distance apart as to fit the cells of a 
trough which contains the water and acid. The trough may 
be made of baked mahogany, with partitions of glass, ox 
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vrhat is better, the whde may be made of earthen, or Wedge- 
"wood^s ware. 

When this battery is to be used, the cells in the trough are 
partly filled with water, containing an acid or salt in solu- 
tion, and then the plates being connected with the slip of 
wood, are all let down into the cells at the same instant, by • 
means of a pulley, each cell containing one plate of zinc and 
another of copper. 

Where great power is wanted, any number of these 
troughs may be connected together, by passing a slip of cop- 
per from the positive end of one, to the negative end of the 
other trough. For the use of a laboratory, this is by far the 
most convenient, as well as the most powerful means of ob- 
taining large quantities of the galvanic fluid, yet devised. 
When an experiment is finished, the operator, in a few min- 
utes, can raise all the plates from their troughs by means of 
pullies, and thus they are suspended, ready to be let down 
again when wanted. The power also, with the same extent 
of surface, is double that of the galvanic trough, where the 
plates are soldered together, since with the present method, 
the entire surface of each metal is exposed to the action of 
the acid. The plates can likewise be more readily cleaned, 
and the whole apparatus more easily kept in repair. 

The Galvanic Battery of the Royal Institution of Great 
Britain, is constructed on the above plan. It is of immense 
power, consisting of 200 troughs of Wedgewood's ware, each 
containing ten cells, and receiving ten double plates of cop- 
per and zinc, each plate containing a surfece of 32 square 
mches. The whole number of double plates is therefore 
2000, and the whole metallic sur&ce exposed to electrical 
excitation at the same instant, is equal to 128,000 square 
inches. 

It was by means of this apparatus that Sir Humphrey 
Davy performed his brilliant experiments, and succeeded in 
decomposing the alkalies, and showing their metallic bases. 
{See potash and soda.) 

Chemical effects of Galvanism, It is a singular, and, per- 
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hapB, unaeooiiDtable fiust, tibat the extent of the contmuoss 
eur&ce of the metals, from which the galvanic fluid is obr 
tained, has an influence over its effects, when employed for 
various purposes. We should suppose, hoth from reasoning 
and analogy, that the amount of galvanic action would, in 
every case, he proportioned to the numher of square inches 
of metallic sur&ce, and that it could make no difference in 
the result, whether the individual pieces of metal ^ere large 
or small. But experience shows that this is not the case. 
The effect of a battery composed of large plates, and one of 
small plates of the same extent of sur&ce, is quite different. 
That composed of the larg^ plates having the most intense 
chemical, or heating power, while that consisting of small 
ones has the greatest effect on the animal system. Thus, a 
man can bear with little inconvenience the shock from Mr. 
Children's battery, composed of plates six feet long and two 
feet and a half wide ; while he would be stunned, or per- 
haps killed, by the shock from the same amount of surrace, 
were it divided so as to proceed from plates of only two or 
three inches in diameter. And yet Mr. Children's battery 
gives the most intensely brilliant caloric effects, while the 
caloric agency of the small plates is comparatively slight 
and insignificant.^ 

The decomposing chemical effects of galvanism have been 
much more extensively employed than those of common elec- 
tricity. Indeed, the decomposing power of electricity was 
little known before the brilliant discoveries of Sir H. Davy, 
by means of galvanism ; but since that time. Dr. Wollaston 
luts shown that most, if not all of the chemical effects of the 
galvanic battery, may be produced by electricity. 

The decomposition of water by means of electricity, was 
efiected by the Dutch chemists long before the discovery oi 
galvanism. A description of the method of doing this has 
already been given, while treating of electricity. This aeema 
to have been the most important chemical decompositicn 
effected by electricity, before the discoveries of Galvani and 
Volta. 

Since that period, the science of chemistry ha^ owed to 
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that of galvHTiism some of the most magnificeat and impor- 
tant discoreries ever made in that science, viz. the decompo- 
sition of the alkalies, and as a consequence of th]A» odier ok- 
coveries of great interest and yalue. 

One of the most extraordinary. &ct8 helonging to the 
agency of sfalvanism, is the discoyery that the elements of 
decomposed bodies follow an invariable law in respect to the 
electrical sides on which they arrange themselves. Thus, in 
decomposing water, or other compounds containing its ele- 
ments, the hydrogen escapes at the negative pole, and the 
orygen at the positive. In the decomposition of the salts (see 
salts) and other compounds, this law is in every instance 
observed, the same kind of element being idways disengaged 
at the same pole of the battery. 

Tllien a compound consists of two gaseous elements, th^ 
may be readily separated, and each gas obtained separate by 
placing the compound in a bent tube, and then exposing it to 
the galvanic action. 

This simple arrangement is represented by Fig. 25. 

t'ig. 25. It consists of a glass tube bent as in 

the figure, a small orifice being ground 
at the angle so as to let in the water: 
or instead of this, two tubes may be usea . 
with their lower ends placed in contact. 
The tubes being filled with water, and 
their lower ends placed in a dish of the 
same fluid, the two platina wires pro- 
ceeding from the two sides of the battery 
are passed through corks in the upper ends of the tubes, and 
pushed down, so as to come within about (he eighth of an 
inch of each other. Care must be taken that the adjustment 
be such as to allow the gases as they ascend to come within 
the orifices of the tubes. 

The battery being now set in action, small bubbles of gas 
will be seen to arise from the ends of the wires, but in dif- 
ferent quantities. The tube from the negative wire will 
soon be filled with hydrogen gas, while the other in the same 
time will be only half filled with oxygen. This circum- 
stance arises from the fiict, that in forming water, these two 
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gases combine in the proportion of two Tolumes of hydrogmi 
to one of oxygen. Of course, therefore, when water is 
decomposed, the volume of oxygen is only half that of hy- 
drogen. 

In this experiment, the poles of the battery must be of 
platina, or gold, otherwise, if they are made of iron, or other 
oxidable metal, the oxygen combines with the metal instead 
of being extricated and rising up the tube. 

When neutral salts, whether alkaline, metallic, or earthy, 
such as common salt, blue vitrol, or alum, are exposed to 
the action of a powerful battery, the same law is observed ; 
the acid, which contains the oxygen, goes to the. positive 
wire, while the bases being alkalies, metals, or earths, are 
transferred with the hydrogen (for these salts always contain 
water) to the negative wire. • 

But the most surprising effects of the power of this princi- 
ple is exhibited when the compound is placed in cups con- 
nected with the two sides of the battery, and the two consti- 
tuents of the compound are transferred from one cup to the 
other. 

.If the solution of any saline compound, such as Glauber's 
salt, be made in water, and placed in two cups, one connected 
with the positive, and the other with the negative side of the 
battery, then, by medcing a communication between the cups, 
by means of some moistened asbestos, or cotton, and setting 
the battery in action, the two constituents of the salt will be 
transferred from one cup to the other. 

Fig. 26. Fig. 26 will show the situation 

'of the cups, the asbestos, and the 
galvanic poles for this experiment. 
Both cups contain a solution oi 
Glauber's salt. This salt is com- 
posed of sulphuric acid, soda, and 
water. The cup P is connected 
to the positive side of the battery, by a wire, passing into the 
fluid, and the cup N, with the negative side, in the S€ime 
manner. The cups are connected by the moistened asbestos 
passing from the fluid of one to that of the other. When this 
arrangement is completed, and the battery has been some 
time in action, it will be found that the water in the positive 

— _ 
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cup will have an acid taste, while that in the negative Cvq^ 
will have an alkaline taste ; and if the action be continued fl 
sufficient time, all the acid contained in the salt will be found 
in one cup, and all the soda in the other. 

Nor does it appear to make any difference in the result, at 
what part of the fluid circuit the salt to be decomposed is 
placed. 

Fig. 27. This is proved by 

placing three cups m a 
ludie, and connecting 
them together by moist- 
ened asbestos, as shown 
by Fig. 27. IftheGlau- 
ber's salt, or any other 
saline compound be put 
into the middle cup, and water into the others, and the two 
galvanic poles be connected with the other cups, P being the 
positive, and N the negative side, then all the acid wul be 
transferred to the positive, and all the alkali to the negative 
cup, while the water in the middle cup will remain nearly in 
a state of purity. If the two outer cups be filled with an infu- 
sion of red cabbage, instead of simple water, the operator can 
see the progress of his experiment, since the contents of one 
cup will be turned red by the acid, and the contents of the 
other green by the alkali. 

A phenomenon of a still more extraordinary kind occurred 
to Sir H. Davy, during his experiments on this subject. For 
it was proved that the galvanic action was capable of sus- 
pending the laws of affinity, so that an acid might be convey- 
ed through an alkaline substance, or an alkali through an acid, 
without any combination taking place between them, or either 
might be passed through a cup of infusion of cabbage, with- 
out changing its colour. The three cups being arranged as in 
the last experiment, and connected together by films of moist- 
ened cotton, or asbestos, there was put into the negative cup, 
N, a solution of sulphate of soda, and into the other two cups, 
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an infusion of led cabbage in water ; this infusion being one 
of the most delicate tests of the presence of an acid or au 
alkali. After these cups, so arranged, had been fof a short 
time placed in the galvanic circuit, the infusion in the positive 
cup became red, and aflerw^ards strongly acid, while that in 
the middle cup continued of the same colour as at- first. Thus, 
as the salt was decomposed, its acid passed through the mid- 
dle cup without mixing in the least with the water it con- 
tained, otherwise its colour would have been changed. On 
reversing the connections, with the poles of the battery, the 
alkali of the sdt was transferred to the opposite cup, the so- 
lution of which it tinged green, without in the least affecting 
the colour of that in the middle cup. 

On placing an alkaline solution in the middle cup, the acid 
was transferred through it, without combination ; and^vhen 
an acid was placed in that cup, an alkali passed through it 
in like manner. 

To account for these singular phenomena. Sir Humphrey 
Davy supposed that the elements of compound bodies were in 
different and opposite states of electricity, but that during 
their chemical union, an equilibrium existed in these electri- 
cal states. This theory we have already mentioned, in ac- 
counting for the decomposition of water by common electri- 
city. But Sir H. Davy believed it to extend in general to 
all chemical compounds. To explain how the elements of 
bodies may be in this state, he supposed that each element is 
naturally possessed with a portion of electricity, whether it 
is in a state of combination or not; and that the elements, in 
this respect, naturally divide themselves into two classes, one 
of which is endowed with positive, and the other with negative 
electricity. In proof of this, it is found as an experimental 
fact, that oxygen, chlorine, iodine, (see the latter article,) and 
acids in general, are naturally negative, while hydrogen, the 
metals, and the metallic oxides, and the alkalies, are naturally 
positive. Thus it appears that bodies having the strongest 
attraction or chemical afiinity for each other, are naturally in 
opposite states of electricity, and that the supporters of com- 
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ktstion, oxygen, cldorine, and iodine, are all negatively elec- 
trified. 

From such considerations, Sir H. Davy not only accounts 
for the chemical agency of the galvanic fluid, but also for 
that force called affinity, or chemical attraction, which impels 
bodies of different kinds to umte, and form compounds. Thus, 
oxygen being naturally negative, and hydrogen naturally 

Sositive, they unite with a force or energy proportional to the 
ifierence oi their electrical states. 
Th^ decomposing force of the galvanic battery may readily 
be accounted fby on the same principle ; for if water be pre- 
sented to any substance of a higher state of positive electri- 
city than its hydrogen, then a decomposition would ensue, 
because the oxygen would leave the hydrogen, and attach it- 
self to that suDstance for which it had the strongest attfae- 
tion. The voltaic battery produces this effect, by offering to 
the two constituents of water stronger opposite electrical 
energies than these two substances have for each other. Thus, 
supposing the electrical force of hydrogen for oxygen to be 
equal to 3, and that of oxygen to hydrogen to be equal to 3, 
then they would combine with a force equal to 6. But if 
we suppose the galvanic battery to offer to the oxygen a posi- 
tive electrical energy equal to 4, and at the same time to the 
hydrogen a negative energy equal to 4, then it is obvious 
that their combining force would be overcome, and that the 
oxygen would fly to the positive, and the hydrogen to the 
negative poles of the battery, and thus that compound would 
be reduced to its original elements ; and we find that this is 
exactly what happens as a fact, when the water is exposed 
to the galvanic circle. 

This, it must be acknowledg^ed, is one of the most beauti- 
ful theories ever invented, and at the same time agrees with 
the phenomena observed in most energetic chemical changes. 
But there are still some facts for whi^h it does not satisfacto- 
rily account ; nor is it absolutely certain, that in any case, 
chemical attraction is owing to the different electrical states 
of the combining bodies, so that in the present state of know- 
ledge, this theory must be taken only as a probable and high- 
ly ingenious hypothesis. 
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Heating effects of Galvanism. One of the effects of galvo* 
nic action is the evolution of heat ; and where the action is 
strong, it is accompanied with light, hut not otherwise. 

There is a remarkahle difference hetween the conditions 
necessary to the evolution of heat by galvanic action, and by 
conunon electricity. Ih common electricity, there is no pro- 
duction of heat, where the fluid moves through a perfect con- 
ductor, and without obstruction. When it moves along a rod 
of metal, no sensible heat, or light, is evolved, unless the 
conductor is too small for the quantity. But in its passage 
through non-conducting substances, as air, or dry wood, both 
heat and light are a consequence. 

But when galvanism passes through a perfect conductor, and 
the circuit remains entire, and when no light is evolved, there 
is still an elevation of temperature caused by its passage. 

This is readily proved, by making the two poles of the bat- 
tery meet in a vessel of water containing a thermometer, when 
it will be found that the temperature of the water will soon 
be raised, and if the experiment be continued, the fluid will 
boil by the heat evolved. 

If the battery consists of an extensive series of electrical 
circuits, very powerful calorific effects are produced by the 
passage of the fluid through metallic wires. Iron wire is 
melted and ^lls down in globules, and steel wire bums, with 
corruscations too brilliant for the unprotected eye. 

The heating effects of galvanism seem to depend on ^he 
conducting power of the metal employed, the heat being in 
an inverse ratio to the power of the conductor. This is cu- 
riously illustrated by passing the fluid through a wire, or 
chain, composed of alternate portions, or links, of platina and 
silver, soldered together, when it will be found that the silver 
will scarcely be warmed, while the platina will be intensely 
ignited. 

It appears from some experiments made with Mr. Chil- 
dren's great battery, that the heat excited by Voltaic action 
is more intense than that produced by any other means. 
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' Many substances were fused by it, which were exposed to 
the best wind furnaces without any impression. A piece of 
platina wire, one thirtieth of an inch in diameter, and 
eighteen inches long, became instantly red, then white hot, 
with a brilliancy insupportable to the eyes, and in a few se- 
conds was fused into globules. Still this battery had little 
effect on water, or on the human frame, the shock being felt 
no higher than the elbows. 

But still more brilliant effects were produced by the battery 
of the Royal Institution, when pieces of charcoal were attach- 
ed to its poles and then brought near each other. 

This battery, when the cells were filled with a mixture of 
60 parts of water, and one part of nitric, and one of sulphu- 
ric acid, afforded the most splendid and impressive results. 
When pieces of charcoal about one inch long and the sixth 
of an inch in diameter, were placed in the circuit, and made 
to approach each other, a bright spark was seen to issue from 
one to the other, and in a moment the charcoal became igni- 
ted to whiteness. Then by widening the space between the 
charcoal points, a constant discharge continued when they 
were four inches apart, affording a most brilliant ascending 
arch of light, broad in the middle, and terminating in points 
at the charcoal, resembling in shape, two cones, applied base 
Fig. 28. to base. The shape of this 

, brilliant phenomenon is re- 
presented at Fig. 28, where 
a and b are the poles of the 
battery with pieces of char- 
coal attached to them, and between- these the ascending arch 
of light. When any substance was held in this arch, it be- 
came instantly ignited ; platina, one of the most infusible of 
all the metals, melted in it ts readily as wax in a candle; 
quartz, sapphire, magnesia, and lime, all entered into fiision; 
and points of diamond and plumbago, rapidly disappeared, 
seeming to evaporate with the heat. 

Attraction. 
By attraction is meant that property in bodies which gives 
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them a tendency to approach each other, whethier they exist 
in atoms, or masses. Attraction has received various names, 
according to the circumstances under which it is observed to 
act Thus, that kind of attraction which extends to all kinds 
and quantities of matter, and to all distances, is called attrac- 
tion of gravitation. This attraction extends reciprocally 
from one planet to another, and from all the planets to the 
fixed stars, and is the cause of the orbicular motion of the 
heavenly orbs. It also extends to all terrestrial masses of 
matter, and is the cause of their weight, or tendency to ap- 
proach the centre of the earth. 

The force of gravitation is directly as the quantity of mat- 
ter, and inversely as the square of the distance. The quan- 
tity of matter bemg given, and the attracting force at a cer- 
tain distance, say four feet, being knoMrn, then this force will 
increase, or diminish, as the square of the distance. Thus, if 
one body attracts another, at the distance of two feet, with a 
force of 36 pounds, then at the distance of four feet, its force 
of attraction will be only i as much, or 9 lbs., and so in this 
ratio whatever the distance may be. {See Natural PhiUh 
sopky.) 

By attraction of cohesion, or aggregation^ is meant that 
force which tends to preserve bodies in masses by acting on 
the particles of which they are composed. This attraction 
is supposed to act only at insensible distances, as when the 
atoms of bodies touch each other, and only when the par- 
ticles of matter are of the same kind. 

Chemical Attraction is that power which forces the particles 
of bodies of diflerent kinds to combine and form a compound. 
This force is also called affinity, because this kind of uni<^ 
takes place only between particular substances. Like the 
attraction of cohesion, it acts «ily at insensible distances, that 
is, the particles of bodies must be brought into the immediate 
vicinity of each other before they will combine. But it dif- 
fers from cohesive attraction in taking place only between 
heterogeneous atoms, or among particles of different kinds of 
matter. Several other kinds of attraction are described, (Set 
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which must more immediately occupy our attention here. 

Affinity. Chemical attraction is a subject of the highest 
importance in the study of chemistry, since a knowledge of 
the whole science includes little more than an acquaintance 
with the laws and effects of affinity, that is, of chemical at* 
traction and repulsion. 

We have already noticed that this science is founded on 
experiment, and from deductions arising from facts thus dis- 
eovered. Now chemical experiments are only the means of 
discovering chemical affinities, and a knowledge of these affi- 
nities are the facts on which the whole science is founded. 

By experiment we know that some bodies have an affinity 
to each other ; that is, we know that on presenting them to 
each other under certain circumstances, they will combine^ 
and form a third substance, which differs from either of the 
first. We know also by the same means, that other ^bstan- 
ces, when presented together in the same manner, will repel 
each other ; that is, they will not combine, nor can they be 
made to unite so as to form a third substance. 

This kind of knowledge it is impossible for man to acquire 
without actual experiment ; for by no process of reasoning 
could he ever determine before hand, whether two bodies 
would attract or repel each other, any more than he could 
tell what they were composed of by mere inspection. 

We know, for instance, that when we mix acid and water, 
the two liquids'unite, or blend together ; now, by reasoning 
from analogy, we should have the same grounds toi believing^ 
that any other fluid would unite with water, that we had for 
believing that an acid would, and therefore that oil and water 
would combine, as well as acid and water. But experiment 
shows, that on this subject, neither reason nor analogy lends 
us the least aid, for, on mixing the oil and water, we And 
that they mutually repel each other, and though blended to* 
gether by force, they again separate as soon as the force is 
removed. 

It is then only by actual experiment that we can decide' 
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whether two bodies have an affinity for each other, and con- 
sequently whether they are capable^ of forming a chemical 
compound, or not. , 

There are several circumstances which affect the results of 
chemical affinity, or conditions on which its action depends, 
which will be mentioned in their turn. There are also se- 
veral kinds of affinity, which have received different names, 
depending on the conditions under which its action takes 
place. ' These appellations and conditions will also claim at- 
tention as tkey occur. 

With a few exceptions, the first condition necessary to effect 
chemical combination is, that one or both the bodies should be 
in a fluid'state, since however strong the affinity of two bodies 
may be to each other, their particles cannot unite unless they 
are free to move. Hence, to effect the combination of solids, 
their cohesion must first be destroyed either by solution in a 
.. fluid, or by means of heat. The acids and alkalies have a 
strong affinity for each other, but on mixing them, even when 
in the finest powder, no chemiccd combination ensues, because 
in all chemical compounds the union takes place between the 
atoms of the combining substances. 

But on pouring a quantity of water upon such a mixture, 
chemical action instantly ensues, and a third substance, diP 
fering entirely from the alkali or the acid, is the result of the 
combination. This compound is called a salt. i 

In like manner, if zinc and copper be reduced to the finest 
powder, and mixed ever so intimately by mechanical force, 
there will still be no intimate union between their particles. 
But if heat be applied so as to reduce them to a fluid state, 
they combine with considerable energy, and form a yellow 
alloy, called brass^ which differs greatly from the zinc or 
copper of which it is formed. 

Simple Affinity. The most simple cases of affinity are 
afforded by the mixture of two substances which have the 
power of combining with each other, in any proportion. 
Water and sulphuric acid, or water and alcohol, form such 
combinations. What are termed neutral salts, which are 
formed by the union of a pure acid, and a pure alkali, are 
instances of the same kind, only that they do not combine in 
all proportions. In a great variety of instances, after two 

What Is neceeaaiy, in order to effect the chemical combination oi solida? Why 
will not solids combine as well as fluids 1 In what manner may copper and zinc be madt 
Cocombine) What axe the most simple cases of affinity 1 Giye an illustration of tbii 
aflbiity. 
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substances have combined, when mixed alone, ot without 
the admixture of any other substance, this first union may 
be 3estroyed by the intervention of another, or a third sub- 
stance, having a stronger attraction for one of these sub- 
stances than they have for each other. This forms an iti- 
stance of what has been termed by Bergman, Elective Af' 
finity. 

Single Elective Affinity^ is exercised when one composi- 
tion is destroyed, and at the same time another is formed. 
There are many familiar examples of this kind of decompo- 
sition, some of which vire witness almost every day. Cam- 
phor dissolved in alcohol or in strong spirits, makes a trans- 
parent solution ; but if water be poured into this solution, it 
instantly becomes turbid, and the camphor separates from its 
connection with the alcohol, and rises to the surfeice of the 
fluid. This separation takes place because the alcohol has 
a -stronger affinity for the water than for the camphor, and 
the turbidness is caused by the insolubility of the camphor in 
water, in consequence of which it takes the solid form. 

Soap is composed of oil, an alkali, and water. The oil and 
water have no affinity for each other, but the alkali has a 
strong affinity both for the oil and water, and consequently 
the three substances unite and form a compound. But if an 
acid be mixed with a solution of soap, the com^und is de- 
composed, for the alkali has a stronger attraction fj)r the acid 
tham for the oil and water, and consequently the oil is rejected . 
and rises to the surface, while the acid and the alkali form a 
new compound. 

This affinity is called elective, because when one substance 
is mixed with several others it seems to manifest a choice be- 
tween them, and elects one with which it unites, to the rejec- 
tion of the others. 

It is most probable that every substance has an affinity for 
many other substances. We know indeed that this is true in 
a great variety of instances, since experiment shows that one 
substance will form several compounds with other substances, 
in succession, and that these compounds may in succession 
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be destroyed by the application of other substances whick 
have a stronger affinity to the flf st. 

As an example, suppose sulphuric acid, or the oil of vitriol, 
to be the first substance, or the one towards which several 
other substances have a chemical attraction, but in different 
degrees of force, then a compound formed between the acid 
ana the substance having the least affinity, will be destroyed 
by the substance having the next stronger degree of affinity, 
and this second compound would be decomposed by the sub- 
stance having the next degree of affinity, and so of every 
substance having a stronger attraction for the acid. 

Thus, sulphuric acid has an affinity for harytes^ strontian, 
potash, soda, lime, ammonia, and magnesia, and the force. of 
this affinity is in the order in which they are named; that is, 
barytes has the strongest and magnesia the weakest. A com- 
pound therefore of magnesia and sulphuric acid would be de- 
composed by the addition of ammonia, and one of ammonia 
and the acid, by the addition of lime, and so on ; but none of 
these substances would decompose that formed between the 
acid and barytes, because these substances have the strongest 
affinity for each other. 

No chemical facts appear on first view more simple or in- 
telligible than those which are explained by the operation of 
elective affimty. But we shall find on a more minute exami- 
nation, that this force abstractedly considered, is only one of 
several causes, which are concerned in chemical decomposi- 
tions, and that its action is modified, and sometimes subverted 
by counteracting causes, to be mentioned hereafter. 

Double Elective Affinity, takes place whenever two 
compounds, each consisting of two ingredients, mutually 
decompose each other, and by a double interchange of these 
principles form two new compounds. We have seen thai 
in single elective affinity, one new compound is formed by 
the addition of a single substance, while the ingredient thus 
rejected remained uncombined, or alone, in the solution. 
Thus, when lime is added to a compound of magnesia and 
sulphuric acid, the lime and acid unite, while the magnesia 
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IB rejected, and remains solitary in the solutioni haying no« 
thing on which to bestow its affinity. 

In double elective affinity, an, interchange of the principles 
belonging to each compound is effected, and thus the old 
compounds are destroyed, and new ones formed ; and it is 
curious and interesting to observe the consequences, of what 
we should call the likes and dislikes of the particles of mat- 
ter for each other, were they animated. 

It often happens, that a compound of two ingredients can- 
not be destroyed by the application of a third, or fourth in- 
gredient, separately ; but if the third and fourth be combined, 
and then the two compounds be brought into contact with 
each other, decomposition and interchange of principles will 
ensue. Thus, sulphate of soda is composed of soda and 
sulphuric acid, and is the substance called glauber's saU. 
Now when lime is added to a solution of this salt, there en- 
sues no decomposition, because the soda attracts the acid, 
more strongly than the acid attracts the lime. If musria- 
tic acid be added to the same solution, there still follows no 
decomposition, because the sulphuric acid has a greater 
affinity for the soda, than the soda has for the muriatic acid. 
But if the lime and muriatic acid be previously combined, 
forming a muriate of lime, and this compound be added to 
the solution of the sulphate of soda, then a double decompo- 
sition follows, and two new compounds are formed out of the 
old ingredients. The lime of the muriate of lime, and the 
sulphuric acid of the sulphate of soda, having stronger af- 
finities for each other, than the first has for muriatic acid, 
or the second for soda, mutually abandon their old connec- 
tions, and having combined with each other, form a new com- 
pound under the name of sulphate of lime. The soda and 
muriatic acid being thus rejected, and their former unions 
dissolved, they combine themselves anew, and form another 
compound, known under the name of muriate of soda, or 
common salt. These changes will perhaps be better imder- 
stood by the diagram, which follows. 
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Muriate of Soda, 
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Soda. Muriatic acid. 



Sulphate 

of 
Soda. 



Sulphuric acid. ' Lime. 



Muriate 
ZdiMC, 



Sulphate of Lime. 

On the outside of the vertical brackets are placed the names 
of the original compounds, sulphate of soda and muriate of 
lime, and above ana below the diagram those of the new com- 
pounds. The upper line is strait, to indicate that the muri- 
ate of soda remains in solution, while the middle of the lower 
one is directed downward, to show that the sulphate of lime 
18 precipitated^ or &lls to the bottom of the vessel. 

Canises which counteract or modify the effects of chemical 

affinity. 

It has been stated that the effects of chemical action are 
often modified, or even subverted, by counteracting causes. 
The principal causes which have a tendency to counteract 
chemical combinations are cohesion, quantity of matter, elas- 
ticity, and gravity. 

Cohesion. By cohesion, we mean that attractive force by 
which the particles of bodies are kept together, and in conse- 
quence of which, masses are formea. This force may modi- 
fy, or entirely counteract that of chemical attraction ; for the 
more strongly the particles of any substance are united, the 
greater the obstacle to a chemical union with those of other 
bodies, because the successful effects of affinity depend on a 
mutual penetration of particles. Hence the formation of che- 
mical compounds, with some exceptions, requires that at least 
one of the ingredients should be in the state of a liquid, so 
that the particles of each should have free mutual access. 
Where the affinities are strong, and the cohesion slight, the 
union is effected with considerable energy, under such cir- 
cumstances. Thus, masses of carbonate oi ammonia, of con- 
siderable size, will be dissolved by nitric acid ; but whenthe 
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htce of cohesion is great, it is a strong barrier to the opera- 
tion of affinity. Thus, a mass of carbonate of lime, or mar- 
ble, will remain for days in an acid, when, were it reduced to 
powder, it would be dissolved in a few minutes. .. 

In all such cases, therefore, mechanical division is required 
before rapid solution, or intense chemical action, can be ef^ 
fected. Cohesion being thus overcome, solution is readily 
accomplished, because the solid now presents a greater extent 
of surface to the action of the fluid. 

Heat is another means of counteracting the cohesion of 
bodies, the repulsive power of caloric being indeed the great 
opposing force of that of cohesion, and provided its quantity 
be proportionate to the force of attraction, will so overcome 
it as to render all solid bodies liquid. DdflTerent substances, 
it is obvious, require diflferent degrees of heat for this purpose. 
Thus, the cohesive force of such bodies as are called liquids, 
is so counteracted by the heat of ordinary temperatures, as to 
make their particles easily moveable among each other, a 
circumstance on which their liquidity depends. But many 
of these substances, such as water and oil, by the abstraction 
of heat, become solids, because then the repulsive force of 
caloric becomes less than the attractive force of cohesion. 
On' the contrary, in bodies which we term solids, the attract- 
ive force of cohesion is greater than the repulsive power of 
caloric, and hence at all ordinary temperatures, their parti- 
cles are fixed and immoveable amons^ themselves, a circum- 
stance on which their solidity depends. 

We have stated that the exercise of affinity depends on the 
state of the substances concerned, and that in general, one of 
them must be in a fluid state. In most instances, solution is 
effected in some liquid, as an acid, alcohol, or water. But 
to produce metallic alloys, the metals must be brought to a 
liquid state without changing their properties, and this can 
be effected only by means of caloric. For this purpose, it is 
only necessary that one of the metals, viz. that requiring the 
highest degree of heat, should be melted, and the other thrown 
into this in small pieces. 

Quantity of matter. Experiment teaches that quantity of 
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matter exerts an important influence over chemical decom* 
positions and solutions. Thus, we know precisely how much 
sulphuric acid, for instance, will neutralize a given quantity 
of potash, when in a free state. But if the same quantity of 
potash be first combined with nitric acid, forming* nitrate of 
potash, or saltpetre, then more of the sulphuric acid is re- 
quired to detach this quantity than before, probably because 
some force is employed to destroy the union previously exist- 
ing between the nitric acid and the potash, and also because 
the affinity of the two substances for each other diminishes 
when both are nearly saturated. 

In making a solution of a metal in an acid, it may be ob- 
served, that the chemical action is much more energetic at 
the beginning of the process then afterwards, and that if no 
more acid be added, than is just sufficient to dissolve the me- 
tal, the action finally becomes so feeble as to require a day or 
two to complete the combination. But if in this state, more 
acid be added, the action again becomes brisk, and the metal 
is soon dissolved. 

Elasticity. Cohesion being found an obstacle to the exer- 
cise of affinity, it might be expected that the contrary state, 
that is, the absence of cohesion, would facilitate chemical 
combinations ; but experiment determines otherwise. In the 
elastic fluids, such as the gases, and common air, cohesion 
may be considered as entirely wanting. But bodies of this 
land, though having a strong affinity to each other, show 
little disposition, under ordinary circumstances, to combine. 
Thus, oxygen and hydrogen, though in different electrical 
states, may be mixed together in the same vessel for any pe- 
riod of time, without the least symptom of combination.. The 
reason of this, is probably owing to the distance of their par- 
ticles, which prevents that near approach to each other, requi- 
red to come within the sphere of mutual attraction; for if the 
two gases be subjected to pressure by means of the little in- 
strument called a fire pump, Fig. 11, they unite with explo- 
sive energy. 

The elastic property not only opposes the chemical union 
of bodies, but is often an agent by which their decomposition 
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18 efiected when exposed to the influence of caloric. Thns^ 
suhstances containing a volatile and fixed principle, are 
sooMtimes decomposed by heat alone, because the repulsive 
force of caloric removes the elements of the compound be- 
yond the influence of mutual attraction, and the volatile ele- 
ment makes its escape in consequence, Many of the salts, 
composed of an alkali, or a metal, and an acid, and water, 
are readily decomposed by heat alone. The water is first 
turned to steam, and escapes by its elasticity, leaving the salt 
opake, and as the heat is raised, the acid is converted into 
vapour, and escapes in the same manner. 

On the same principle, oxygen is obtained from manga- 
nese, from nitre, and several other compounds, where it 
exists as a principle. 

Chavity. When the difference between the weight of the 
two bodies is great, this circumstance opposes their chemical 
combination. Thus, when common salt is thrown into water, 
it sinks to the bottom, where the water soon becomes satura- 
ted, and will dissolve no more; but if the water be agitated, 
the whole will soon dissolve. It is found, also, that metals 
differing widely in their specific gravities^ when melted to- 
gether, do not mix equally, unless they are stirred, because 
the heavier metal settles to the bottom. 

Changes produced by Chemical Combinations, 

By chemical combirtation is meant a union between two or 
more substances of dififerent kinds, so intimate that they can- 
not again be separated by mechanical means. Thus, if clay 
or cludk and water be mixed, the mixture will for a time be 
turbid, or opake, but if suffered to stand for a day or two, the 
clay or chalk will settle to the bottom of the vessel, and the 
water above will become transparent. But if water be mixed 
with an acid, or with a salt, or with sugar, the union becomes 
permanent, nor will rest, or filtration, or ffny other mechani- 
cal means, separate either of these ingredients from- the wa- 
*er. Hence, the distinction between mechanical mixture and 
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chetiiical union. In the first, no affinity between the sah* 
stances exists, and therefore no union takes place, and thet 
chalk or clay fells to the bottom of the vessel. In the second, 
there is a combination between the particles of which the 
substances are composed, owing to the affinity existing be- 
tween them, and hence they are not separate^ except by a 
stronger force than that of the existing affinity. 

The changes that accompany chemical action, are in some 
proportion to its intensity. In the instances above named, 
where water is mixed with a small quantity of acid or salt, 
this action is feeble, and the sensible changes produced in- 
considerable, being only a slightly acidulous, or saline taste, 
given to the water. But in cases where the chemical action 
IS intense, the changes produced in the combining substances 
are often great in proportion. Thus, when the two gaseSj 
oxygen and hydrogen, are burned together, their combination 
is attended with most intense chemical action, by which the 
highest degrees of heat are evolved, and at the same time 
the change produced is no less than the condensation of two 
elastic gases into the fluid water. 

Many substances which are highly corrosive, in a sepa 
rate state, become mil^!, and lose all their acrid qualities by 
combination with each other. Sulphuric acid and potash, 
for example, are highly caustic substances. They both act 
with great energy on animal and vegetable bodies, producing 
decomposition and total destruction of texture. The acid 
turns the blue colors of vegetables to red, and the alkali turns 
these colors to green. But on mixing these substances to- 
gether, they entirely destroy the caustic qualities of each 
other, and there results a solid compound, called sulphate of 
potash, which is mild to the taste, and neither acts on animiu 
or vegetable bodies, nor changt^s the colors of the latter. 
This is called a neutral salt, because the substances of which 
it is composed, thus neutralize the active properties of each 
jQth&r. 

When the opposing properties of chemical agents are thus 
destroyed by combination, they are said to saturate each 
other, and it is found that the acrid and caustic qualities of all 
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the acids and alkalies are weakened in proportion as one is 
added to the other, until the point of saturation is attained, 
when the compound becomes neutral, and is not affected by 
a farther addition of the acid or alkali, which forms a part of 
its composition. 

A change of bulh is also in many instances the result of 
chemical union, so that the two bodies after combination, do 
not occupy the same space as before. Thus, when a pint of 
sulphuric acid is mixed with a pint of water, the chemical 
action is so great as to raise the thermometer above the boil- 
ing point, and the resulting compound will not measure two 
pints as before the mixture, but considerably less. 

When zinc and copper are ftised together, the resulting al- 
loy has a specific gravity greater than the medium specific 
gravities of the two metals, showing that their bulks are di- 
minished by the union. The same happens when alcohol 
and water are mixed ; and in general it is found that the re- 
sulting body after chemical combination has a greater speci- 
fic gravity than the mean of its components. 

Another change often produced by the exercise of affinity, 
is that of colour. The alloys of any two metals do not ex- 
hibit the medium of their two colours. Thus the white me- 
tal, zinc, and the red one, copper, when melted together, form 
the yellow compound, brass. The colours of the metallic ox- 
ides differ according to the quantities of oxygen they contain. 
The black oxide of mercury contains 200 parts of the metal 
and 8 parts of oxygen, while the same quantity of the metal 
combined with 16 parts of oxygen, forms the red oxide of 
mercury. We have already had occasion to notice, that blue 
vegetable colours are changed to red by acids, and to green 
by alkalies ; and in addition to this, we may state generally, 
tnat all vegetable colours are changed, more or less, by the 
application of these agents. 

There is still another change, which is the effect of chemi- 
cal affinity, and is often highly important ; this is the change 
of form. Of this change chemistry exhibits a great variety 
of examples, many of which are highly curious and interest- 
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itig*. Thus, if a saturated solution of muriate of lime in wa- 
ter, be mixed with a small quantity of sulphuric acid, the 
two fluids immediately become a solid. This change is pro- 
duced by the exercise of affinity. The muriate of lime is 
composed of lime and muriatic acid, and of this salt, water will 
dissolve a large quantity and still remain fluid. The sulphu- 
ric acid has a stronger attraction for lime than the muriatic 
has, and the sulphate of lime is nearly insoluble in water. 
Whem therefore the former acid is added to the solution, a 
«ulphrfte of lime is formed, which in a spongy form occupies 
the whole vessel. On the contrary, if equal parts of alum 
and acetate, or sugar of lead, be rubbed forcibly together in 
a mortar, they form a compound mass which is nearly fluid. 
The cause of this change from the solid to the semi-fluid 
state, is also easily explained. The alum and sugar of lead 
contain a quantity of water, called the water of crystallization. 
When they are forcibly rubbed together, the elements of which 
they are composed, unite in consequence of mutual affinity, 
and thus the water of crystallization is set free, and occasions 
•the partial fluidity of the mixture. The great changes which 
the two gases undergo in* the formation of water, have al- 
ready been mentioned. Similar changes, so far as respects 
the condensation of elastic fluids and liquids, are phenomena 
which are frequently witnessed in experimental chemistry. 
Thus, water absorbs about 500 time its own bulk of the gas, 
called ammonia, which is in this manner condensed, and 
forms a part of the liquid. The compound thus formed is 
known by the name of spirit of hartshorn. Cluicklime, in the 
process of slacking, absorbs a large quantity of water, which 
by this combination becomes solid, and forms a part of the 
dry lime. 

In the formation of the gases, on the contrary, there is an 
immense increase of bulk. When water is decomposed and 
made to assume its elementary gaseous form, there is an in- 
crease of bulk nearly equal to 2000 volumes. That is, a 
cubic inch of water contains 662 cubic inches of oxygen, and 
1325 cubic inches of hydrogen; thus the volume is in- 
creased 1987 times by the decomposition. The explosion 
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tf gun powder is another example of the vast inerease of 
volume by chemical decomposition. 

Force of Chemical Affinity, Although it is ascertained, 
by means already described, that the afimity of one body fox 
a number of others, is not of equal force, yet we are ignorant 
how much difference there is in the forces of these difierent 
degrees of affinity. 

The only means of deciding this question is to observe the 
tendency which several substances have to unite with the 
same substance, under similar circumstances. Oxygen, fox 
instance, as a imiversal agent, might be selected a^ a stand- 
ard, and the force of affinity between this and other bodies 
be estimated by their degrees of oxidation under the same 
circumstances. We know that there is an immense differ- 
ence between the forces with which different bodies attract 
this principle. Some of the metals, for instance, absorb 
oxygen witn such avidity, that they cannot be preserved in 
their metallic state when exposed to the atmosphere, even 
for a short time ; while others have so little affinity for this 
principle, that they cannot be oxidated without the most ener- 
getic means. Thus, potassium (see this word) attracts oxy- 
gen with such force as to decompose water, at common tem- 
peratures, by absorbing it from the hydrogen ; while the 
affinity of platina or gold for this principle is so weak as not 
to attract it at all, except at the highest degrees of heat, or 
from acids which impart it most easily. 

We may constantly observe the effect of the different 
toToes with which several metals attract oxygen in the comr 
mon affairs of life. Thus, iron and lead,' when exposed to 
the moisture of the atmosphere, soon tarnish, and afler a 
time, by the absorption of oxygen, their surfaces become 
covered with rust, or the oxides of iron and lead. But silver 
and gold when exposed in the same manner, continue bright 
and untarnished for years, as may be observed in the points 
of lightning rods, and the gilded vanes and balls of church 
steeples. This difference can only arise from the different 
forces with which these metals attract the oxygen of the at- 
mosphere. 

There is no department in chemistry, either as a science, 
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or an art, which so much needs the investigation of able men 
as this. Tables of affinity, showing at once the force of at- 
traction between different chemical elements, would enable 
the inquirer, without further experiment, to decide what sub* 
stance would decompose any given compound, and therefore 
how to separate, or cpmbine, the different principles of bodies 
for a vast variety of purposes. Tables to a very limited ex- 
tent have already been constructed for such purposes, but ths 
difficulty and magnitude of this subject seems to have deter- 
red the more modem chemists from engaging in this exten- 
sive department of the science. 

Indefinite and Definite Proportions. 

It is ascertained by experiment that some bodies unite m 
imlimited, or indefinite proportions, while others combine in 
proportions which are always limited, or definite. 

The discovery of the laws of definite proportions is one^of 
the most important and wonderful among the great and bril- 
liant achievements in modern chemistry. It is sufficient of 
itself to convince any reasoning mind, that order and system 
pervade the universe, and that the minutest atoms of matter, 
and the vast orbs that move round the heavens, are equally 
under the control of the invariable laws of the Creator. 

Indefinite proportions. When we mix water and alcohol* 
or water and any of the acids, they unite in any proportion. 
Thus, a drop of acid will combine with any quantity of water, 
and water will unite in the same manner with alcohol, or acid. 
This principle may be tested by direct experiment ; for if a 
gallon of water be tinged blue by a vegetable colour, a few 
drops of sulphuric acid will turn every drop in the gallon to 
a red colour, thus proving, that this small quantity of acid has 
diffused itself through the whole mass. By similar experi- 
ment it can be shown that a small quantity of water will dif- 
fuse itself through a large quantity of acid. These examples 
prove that some bodies combine m unlimited proportions on 
Doth sides. 

Other combinations appear to be limited on one side, and 
unlimited on the other. Thus, common salt, and other saline 
substances, will dissolve in water in any proportion short of 
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the point of saturation, after which, if more be added, it \idll 
fall to the bottom of the vessel and remain solid. The great- 
est proportions in which water and common salt combine, 
are those of 100 of the former, with 40 of the latter ; but the 
smallest quantity of salt will diffuse itself through the largest 
quantity of water, and the probable reason why salt does not 
unite with water in every proportion, is, that its cohesion 
resists the feeble affinity of the fluid dier it becomes satura- 
ted. 

In all cases where bodies combine with each other in eve- 
ry proportion, or where the proportions are limited on one 
suie, and indefinite on the other, the force of affinity by which 
such compounds are formed is feeble, and the compounds 
themselves often differ but little from the original ingredients. 
Thus, alcohol and water combine in all proportions, but the 
union produces only a modification of the qualities of each, 
the degrees of which depend on the proportions of the mix- 
ture, and the force of affinity between them is so weak, that 
distillation, by a gentle heat, entirely destroys their union. 
Solutions of the salts, sugar, acids, and many other princi- 
ples, are examples of the same kind ; a moderate heat, and 
sometimes evaporation, without heat, will dissipate the water 
and leave the other ingredients in their former state. 

In these, and a great variety of other instances, although 
the force of affinity is slight, still there is a wide difference 
between such compounds, and mere mechanical mixtures, 
since the latter are separated by rest, while the ingredients 
of the former are not separated by rest, filtration, or any other 
mechanical means. 

These solutions, or combinations, formed by feeble affini- 
ties, resemble mixtures in respect to the slight changes which 
their ingredients undergo by uniting, while they resemble 
chemical compounds in respect to the inseparable nature of 
the union, by mechanical means. 

The writer of the article Chemistry, in the Library of 
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ITseful Knowledge, has called such slight copibinations Cke- 
mieal mixtures, in order to distinguish them from compotmds 
formed by energetic affinities, and. which come within the law^ 
of definite proportions. 

But as the student will find in most books on this subject; 
that mixtures are distinguished from compounds only by the 
means necessary to separate their ingredients, we have 
thought best, at present, to continue the same division ; at 
the same time, having it distinctly understood, that the uni- 
versality of definite proportions, applies only to energetic 
combinations. 

Defimte Proportions. 

^y definite proportions in chemistry, it is meant that the 
ingredients, or elements of chemical compounds, unite with 
each other in certain proportions only ; and that these propor- 
tions in the same compound^ are under all circumstances in- 
variably the same.) The proofs of this doctrine are estab- 
lished by experiments conducted with the most rigid exact- 
ness, and it is true, beyond all controversy. 

The subject of definite proportions may be conveniently 
treated of, under three several propositions or laws, it being 
understood that the proportion of hydrogen in water repre- 
sents unity or 1, and that this is the common unit to which 
all the other numbers refer. 

^First, The composition of all chemical compounds is fixed, 
and invariable) 

Experiment shows that some bodies combine in only one 
proportion. (Thus, there is only one* compound of zinc, and 
oxygen, called the oxide of zinc.\ Other bodies combine in 
two proportions. Thus, there are two oxides of copper, one 
of which is composed by weight of 1 proportion of oxygen, 
and 8 of copper, and the other, 2 of oxygen, and 8 of copper^ 
Other bodies again combine in three, four, five, or even six*^ 
proportions, the latter being the greatest number of compounds 
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Jl&own to have been fbrmed by any two substanoes, widun 
tlie limits of definite proportions. 

The proportions of any given compound being invariably 
ibe same, it follows that its characteristic properties depend 
on these proportions, and that if these proportions are changed, 
xhe compound will contain new properties, and therefore a 
^iiew substance is formed. ^As an example of the change 
produced on the compound, by a different proportion of one 
-of its constituents, we will cite mercury and chlorine, {see 
chlorine.) \ These two substances Imite in two proportions, 
the first 01 which is composed of mercury 200, and chlorine 
36. This forms the well known medicine called calomel^ and 
is sometimes given in doses of a tea-spoonfnl at a time, with- 
out injury. The other is composed of mercury 200, and 
chlorine 72, being one more proportion of chlorme, than is 
contained in the calomel. But the two compounds in their 
sensible qualities are entirely different, the latter being one 
of the most active and fatal of poisons, and is known by the 
name of corrosive sublimate. Thus two substances uniting in 
one proportion, form a compound which is comparatively 
inert, while in another proportion they form one of the most 
virulent poisons known. Nor is there any medium, or half 
way union between these bodies ; they combine in these two 
proportions or not at all. ^or, suppose _200 parts of meicuxy 
should be exposed to the action of 40 parts, by weight, of 
chlorine, then the mercury would combine with 36 parts of 
the gas, and no more, leaving the other 4 parts remaining un- 
touehed.'S And so, on the contrary, if 210 parts of the metal 
he exposed to the action of 36 parts of the gas, then the gas 
will combine with 200 parts of the mercury, while the 10 
parts would remain uncombined. 

In all energetic combinations the proportions of the com- 
bining substances are limited in the same manner, though 
the proportions themselves are exceedingly various. Indeed, 
it appears that the law of limited proportions, is as universal 
and as permanent as the law of gravitation itself and that 
its doctrines, so far from being founded on the theoretical 
opinions of men, are in truth based on a general, but more 
recently discovered law of nature. 
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(Second. When two substances unite in more tham, one pro- 
portion, the second or third proportions are multiples of the 
first, by a whole number!) 

This very remarkable law applies in every case where 
bodies unite with each other in more than one definite pro- 
portion. The expression of the law, simply means, that the 
first proportion in which two bodies unite, is in the lowest or 
smallest proportion in which the two constituents are capable 
of uniting with each other, and that the other proportions are 
double, triple, or quadruple, this lowest proportion. 

For example, the several compounds of nitrogen and oxy- 
gen are in the following proportions to each other, viz. : 

Nitrogen. Oxygen. 

Nitrous oxide, consists of 14 parts, and 8 parts. 
Nitric oxide, " 14. " 16 " 

Hyponitrous acid, " 14 " 24 " 

Nitrous acid, " 14 " 32 " 

Nitric acid, " 14 " 40 . " 

Thus the lowest proportions in which oxygen and nitrogen 
combine, being to each other as the numbers 8 and 14, all the 
other proportions of oxygen are multiples of this first number, 
while the proportion of nitrogen remains the same. The se- 
cond number is the first multiplied by 2 ; the third, the first 
multiplied by 3 ; and so on. These proportions are therefore 
to each other, as the numbers 1, 2, .3, 4, and 5. 

Illustrations of this law can be observed throughout every 
department of chemistry, where the analysis of chemical com- 
pounds are given, and with a single exception, or two, where 
it is most probable the fault is either in the analysis or the 
want of knowledge, the same principle is found to be exactly 
true. One of these exceptions is found in an oxide of man- 
ganese, and will be pointed out hereafter. 

On these discoveries is founded the law, called the law of 
multiple proportions, a phrase which is often repeated in all 
the late works on Chemistry, and of its general truth, as 
already observed, there can be no doubt. In the above ex- 
ample, all the succeeding proportions of oxygen are multi- 
ples of the first. 
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The third law of combination is nearly connected with the 
last, though the difference of expression and of meaning will 
be obvious. This law is not less extraordinary than that of 
multiple proportions, and may be understood by the following 
examples given by Dr. Turner. 

Water, we have already seen, is composed of 8 oxygen and 
1 hydrogen: hyposulphurous acid is composed of 8 oxygen 
and 16 sulphur. Now it is a curious fact, that the gas, called 
sulphuretted hydrogen, is constituted of 1 hydrogen and 16 
sulphur ; that is, the quantities of hydrogen and of sulphur 
which combine with the same quantity of oxygen, combine 
with each other. Again, 36 parts of chlorine and 8 of oxygen 
constitute the oxide of chlorine, and with 1 of hydrogen, form 
muriatic acid gas: also 16 parts of sulphur combine with 36 
of chlorine to form the chloride of sulphur. Hence bodies 
unite in proportional numbers, as in the above instances the 
proportion oi hydrogen is 1, ihsXoi oxygen^, that of sulphur 
16, and that of chlorine 36, 

But this law not only applies to the elementary parts of 
substances, such as hydrogen, oxygen, chlorine, and sulphur, 
but also to compound bodies ; whose combining proportions 
may likewise be expressed by numbers. 

Now the proportions of any compound being expressed by 
the numbers attached to each element of which it is compo- 
sed, the number representing the compounds, is composed of 
the sum of its parts, or elements. Thus water is composed^ 
of oxygen 8, hydrogen being 1, and its combining proportion 
will therefore be 8+1=9. When one element combines 
with another in several proportions, the number representing 
the single proportion, and those representing the several other 
proportions, are added together to make up the combining 
number of the compound. Thus, sulphuric acid is composed 
of one proportion of sulphur 16, and three proportions of 
oxygen ; and as one proportion of oxygen is 8, so the whole 
number representing the oxygen in this acid is 24; to which 
16 being added, makes the number representing sulphuric 
acid to be 40. 
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It must be remembered that the smallest proportion, by 
weight, in which an element is found to combine, is the 
£xed number by which that element is always represented. 
Oxygen is invariably represented by 8, because this is the 
smallest proportion m which it is known to combine with 
any other substance. Thus, also, water is composed of oxy- 
gen 8, and hydrogen 1 ; potash of oxygen 8, and the metal, 
potassium, 40. The lowest proportion in which sulphur is 
known to combine with any other substance is 16, and there- 
fore sulphur is always represented by this number. Thus 
sulphuret of lead is composed of 1 proportion of sulphur 16, 
ana one of lead, whose combining number is 104. Its num- 
ber therefore is 16+104=120. We have just mentioned 
that the combining number of any compound is represented 
by the sum of its simple, or elementary parts. This will now 
be understood ; for by adding the numbers representing the 
elements in each of the above examples, we shall have those 
by which the compounds are represented. The number for 
water, as already shown, is 9 ; the number for potash is 48, 
viz. 8 oxygen and. 40 potassium; that for sulphuret of lead 
is 120, viz. sulphur 16, and lead 104. 

By remembering the combining weights of the elements 
of any compound, the number representing that compound 
may at once be known. For example, hydrate of potash is 
composed of water and potash; water is composed of oxy- 
gen 8, and hydrogen 1=9. Potash is composed of potas- 
'sium 40, ana oxygen 8=48. These two sums being added, 
viz. 9 -f 48=57. Thus the number for hydrate of potash is 
57. Again, the salt called sulphate of potash is compounded 
of sulphuric acid and potash. Now to find the number re- 
presenting its combining proportion, we have only to remem- 
ber that sulphuric acid is composed of one proportional of 
sulphur 16, and 3 proportionals of oxygen 24, and that the 
sums of these two numbers are 40. The number for potash, 
as above seen, is 48 ; therefore the number for sulphate of 
potash, being the sum of these two numbers, is 40+48=88. 
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It is unnecessary to adduce further examples, since the in- 
telligent student will be able to understand from the above 
epitome, not onl}^ on what kind of facts the laws of definite 
proportions are founded, but will also, it is hoped, be able to 
apply the above principles to the proportional numbers of the 
most common substances to be mentioned hereafter. 

Combination by Volumes. The doctrine ^ of definite pro- 
portions was founded on the suggestions of iMr. Higgins^ of 
Glasgow, published in 1 789. But it was ^r. Dalton^of Man- 
chester, in England, who established the laws of chemical 
combinations, and who has the merit, of not only discovering 
almost all that is known in the details of this subject, but also 
of having brought it distinctly before the world. Mr. Dalton 
published his views of the doctrine of definite proportions, in 
1808, soon after which, Gay Lussac, a French chemist, pro- 
ved by a publication in one of the journals, that gases unite 
in simple and definite proportions, and among other instan- 
ces, showed that water is composed precisely of 100 volmnes 
of oxygen, and 200 volumes of hydrogen. It was afterwards 
shown by the same author, that other gaseous substances, 
which are capable of a chemical union with each other, unite 
in definite proportions, by measure, or volume, and that these 
proportions are in the simple ratio of 1 to 1, 1 to 2, 1 to 3, 
ana so on, as above stated. 

These observations have since been confirmed by nume* 
rous experiments, instituted by the first chemists of the age, 
and at present it is as fully established, that the law of defi- 
nite proportions extends to the volumes of gases, as it does to 
their weights and to those of solids. As an illustration of the 
truth of this law, we adduced the condensation of hydrogen 
and oxygen by combustion*^, because these gases are more 
generally known than any others, and because their combi- 
nation is also one of the most famib'ar examples of definite 
proportions by weight. The apparatus for this purpose it is 
unnecessary to describe, it being sufficient for our present 
purpose, to state that the experiment has often been made 
with the most infallible accuracy. 

The invariable proportions in which oxygen and hydrogen 

Who flnt soggested the doctrioe of deflnite proponionsT Who eztended this oal^ 
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vfaich hydrogen and oxygen combine by Tolune, and what are these proportions by 
might 1 
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combine, are by volume '1 of the first and 2 of the last; and 
by weight 16 of oxygen to 1 of hydrogen^ Th^s the speci- 
fic gravities of these two gases are to each other as the num-* 
ber8(l and IGjlhat is, a cubic foot of oxygen is just 16 times 
as heavy as the same bulk of hydrogen. The reason why 
hydrogen is represented by 1, as its combining proportion, by 
weight, while its combining volume is double that of the oxy 
gen, will be seen hereafter. The mode of ascertaining the 
comparative volumes in which these two gases combine, is to 
measure them carefully, and having introduced them into a 
glass tube, the mixture is inflamed by an electric spark ; and 
in every instance it has been found, that whatever the propor- 
tions of the mixture might be in respect to each other, the ra- 
tio of combination is always the samte, and consists of two 
parts of hydrogen, and one of oxygen, by volume^ When 
one measure of oxygen is mixed with tnree of nydrogen, 
(there will remain in the vessel one measure of hydrogen un- 
combined and pure^and no continuance of the electricity will 
in the least change this proportion ; and so, two measures of 
oxygen and two of hydrogen, leave one measure of oxygen 
in the same manner. 

When other gases unite merely in consequence of being 
brought into contact, and without combustion(jthe same law 
appliesi that is, if the volume of one be greater than its com- 
bining proportion, the excess remains pure and untouched. 

We give a few examples of the proportions in which ga- 
ses unite by volume. 

Volumes. Volumes. 

100 muriatic acid gas combine with 1 00 ammoniacal gaSj 
100 oxygen gas " 200 hydrogen gas, 

100 hydrogen gas *• 50 oxygen gas, 

100 mtrogen gas " 200 oxygen gas, 

100 chlorine gas ** 100 hydrogen gas, 

100 nitrogen gas ** 300 hydrogen gas. 

Another curious fact concerning the union of the gases is, 
that many of them suflTer a diminution of bulk, which is also 
in a simple ratio to the volume of the one or both. Thus, when 
8 volumes of hydrogen and 1 of nitrogen combine, they in- 



P VTbM are the relatiye specific graylUes of these two gases 1 What is the mode of 
Cffltaining the volumes of these gases ? Suppose ooe measure of ojgrgen is mixed with 
diree of hydrogen, and inflamed, what will become of the third measure of hydrogen 1 
Does the same law apply when two gases combine without combustion 1 What iOiis* 
txatioDB are given of the combination of gasw by volume % 



CHEMICAL EQUITALBNTS. 93 

Aantly contract into 2 Yolumes, or one half their former bulk, 
and form gaseous ammonia. A similar condensation takes 
place when several of the other gases combine. 

Chemical EquivcdeTUs. It was long since proved by Wen- 
eel, a German chemist, that when two neutral salts decom- 
pose each other, the resulting compounds are likewise neu- 
tral. That is, the acid of one will exactly neutralize the alkali 
of the other ; and although two new salts are formed by this 
mutual decomposition, they will both, like the original com- 
pounds, be equally neutral. If one of the salts be in quan- 
tity too large for the combining proportions, then the excess 
of that salt will remain undecomposed in the solution, and 
only such a portion of it will be decomposed as is just suffi- 
cient to neutralize the constituents of the other salt. 

Hence, Chemical Equivalents are those definite propor- 
tions of one substance, which neutralize definite proportions 
of another substance. 

The truth of this law may be demonstrated by setting down 
the combining numbers of two salts, and the number repre- 
senting the two new compounds, and then by exchanging the 
numbers representing the combining parts, the numbers fox 
each compound will be found to represent the number for the 
new compound, and the combined numbers of the old and 
new compounds will be equal to each other. Thus, the num- 
ber for sulphuric acid is 40, and the combining proportion of 
potash is 48, and therefore the number for sulphate of potash 
is 88. The combining proportion of nitric acid is (Si; and 
that of baryta^78^nd the sum of these two numbers is 132,) 
which represents the nitrate of baryta. Now when these 
two salts are mingled together in solution, both are decom- 
posed ; the 54 parts of nitric acid of the nitrate of baryta will 
saturate the 48 parts of potash of the sulphate of potash, ma- 
king a new salt, nitrate af potash, whose combining number 
isQ^02J At the same time, the 40 parts of sulphuric acid of 
the sulphate of potash, will combine with, and saturate, the 78 
parts of the baryta of the nitrate of baryta, forming another 
new salt, sulphate of baryta, whose number will therefore 
be 40 added to 78=4l8. J 
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Now it may be observed that tbe sums of the proportional 
numbers of the old and new compouiids axe equal, and th^ 
same, and therefore that there can be no excess in either of 
the alkalies or acids. This may be shown thus : 

Sulphuric acid 40 and potash 48, form sulph. potash, 88 
Nitric acid 54 and baryta 78, form nitrate baryta, 132 

Sum of the old compoui^d^ 220 

Sulph. acid 40 and baryta 78, form sulph. of baryta, 1 1 8 
Nitric acid 54 and potash 48, form nitrate of potash, 102 

Sum of tBe new compound, 220 

The utility of being acquainted with these important laws, 
says Mr. Turner, is almost too manifest to require notice. 
Through their aid, and by remembering the proportional num- 
iers of a few elementary substances, the composition of an 
extensive range of compound bodies may be calculated with 
facility. By^cnowing that(6^s the combining proportion of 
jgarbon, and(8Jof oxygen, it is easy to recollect the composi- 
tion of carbonic (mde, and carbonic acid; the first being 
•composed of 6 carbon and 8 oxygen, and the second of 6 
carbon and 16 oxygen. By simply remembering, therefore, 
that carbonic oxide is composed of one proportion of carbon, 
and 1 proportion of oxygen, and knowing that carbon is 
lepresentea by 6 and oxygen by 8, we at once arrive at its 
composition. And by recollecting that carbonic acid has 1 
proportion of carbon, and 2 of oxygen, the composition of 
this is also known. It may be remembered that the number 
for potassium is 40, and that when combined with one pro- 
portion of oxygen, 8, it forms potash, 48. Now by remem- 
bering these iata, we know without further trouble the com- 
position of the carboThate and bicarbonate of potash. The car- 
bonate being composed of one proportion of carbonic acid, 
22, (that is 6 carbon and 16 oxygen,) and one proportion of 
potash, 48, (that is, potassium 40 and 8 oxygen,) is represent 
ed by 70. The bicarbonate is composed of one proportion 
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flf pbtash,(48, . and two of carbonic acid, 44^ and its niimbe^ 
if tn^efore 92. ^ 

Again, having in the memory the numbers representing^ 
earfoonic acid, we can readily apply them to the composition- 
of other compounds, with which this acid is imited. Thus,- 
the number for carhtmait of soda, is 54, and we know from 
its name (see Nomenclature,) that it contains only one pro-' 
portion of carbonic acid. Now by recollecting the combin* 
ing proportion of sodium, we know, m a moment, the compo- 
sition of the carbonate of soda. The combining number for 
carbonic acid being 22, this substracted from 54, leaves 32, to/ 
the other combining proportion, and knowing thac 24 is th^ 
Bomber for sodium, and that soda is composed of sodium and^ 
oxygen, and that the combining number of oxygen is- 8, we* 
ascertain the composition of the salt in question; viz. sodiuni* 
24, oxygen 8,as32 soda ; carbonic acid 22ka:54, carbonate of 
soda. 

By the same law of proportions, suppose it is required t^ 
find the composition of sulphate of soda. The composition 
and number of soda being known, we hare only to remembei^* 
that the combining proportion of sulphur is 16, and that sol- 
phuric acid is composed of one proportion of sulphur and 3 of 
oxygen, and the composition of this salt and its number !»*" 
ascertained. Soda 32; sulphur 16; oxygen 3 proportioni^- 
24, 16=*4D added to 32ae72. Therefore the number for sul« 
phate of soda is 72, and its composition 32 of soda and 40* of 
solphurie acid. 

Thus by the application of this law to the combining num^ 
bers, or the equivalents of chemical bodies, a table of which* 
may be found at the end of this work, the composition of most 
compounds may be readily ascertained. 

Method of ascertaining the proportional numbers ofcempoundu 

The combining numbers* of ail the elementary bodies, as^ 
already stated, represent the smallest proportions in which« 
they are severally found in- union with any other body. Bujfc 
it is obvious that all these numbers must have* one commons 
unit from which they are calculated, otherwise there wonld^ 
exist no proportions between them. For this purpose, hydro- 
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gen, as uniting in the lowest possible proportion, is employ- 
ed. Thus, hydrogen unites with oxygen in one proportion, 
by weight to iorm water, and the weight of hydrogen being 
1, the weight of oxygen in water is 8, which is also the smajjr 
est proportion in whieh the latter body is found in union. 

These two elements having an extensive range of aJffinity, 
and therefore being found in combination with a great variety 
of other substances, are made the data, or points of compa- 
rison from which all the other numbers are calculated. 

Afterwards, other compounds were examined which con- 
tained the smallest proportions of these elements imited to 
other substances. Among these it was found that the gas 
called carbonic oxide, contained the smallest combining pro- 
portion of carbon, imited with the smallest proportion of oxy- 
gen, these proportions being as 6 to 8. And also, th^t the 
gas called sulphuretted hydrogen, contained the smallest pro 
portion of hydrogen united to the smallest of sulphur, these 
proportions being 1 of hydrogen and 16 of sulphur. 

Thus, tlie numbers for carbon and sulphur were found to 
ber6 for the former and 16 for the latter J the numbers foi 
hyorogen and oxygen being 1 and 8. 

On examination of the different oxides of iron, it was found 
that the least proportion with which that metal combined 
with oxygen, was that of 28 of the former, and 8 of the latter. 
The number for iron is therefore 28, and that of this oxide 
of irpn 32. 

In this manner the proportional numbers of each compotmd 
has been ascertained, and from these, tables of chemical equi- 
valents have been constructed. 

WollastovUs scale of Chemical Equivalents, 

Dr. Ure says, that this scale of chemical equivalents has 
contributed more to facilitate the general study and practice 
of chemistry than any other invention of man. The descrip- 
tion of this instrument was published by the inventor in 1814 
j^ It consists of a piece of mahogany board two or three inches 
wide, and of a length proportionate to the extent of the scale 
it contains, or of the size of the type in which it is printed. 
Running through the middle of the board there is a sliding 
» ■* ' ■ 

Haying the numbere for hydrogen and oxygen as data, how are the numbers for oth«v 
bodies found? What are the equivalent numbers for carbon and sulphur? Explain 
bow tlie number for iron was found. Describe the constructioa of WoUaston's scale of 
chemical equivalents? 
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nde, containing the proportionate numbers of all the moat 
common chemical compounds, and on each side of the rolo 
are printed the names of the compounds corresponding with 
these numbers. The divisions of this scale are laid out logo- 
metrically, afler the manner of the common Gu uteres scale, 
and consequently the ratios between the numbers are found, 
by the juxtaposition of the several lin^, on the sliding and 
fixed parts, with the greatest accuracy J 

The arrangement of this instrument is such, that the weight 
of any ingredient in a compound, or its definite proportion, and 
also the equivalents of the acids and alkalies, may be at once 
seen by merely moving the sliding part. 

On this scale, instead of taking hydrogen for unity, Dr. 
WoUaston has taken oxygen, which he calls 10; but if we 
slide down the middle rule so that 10 on it stands opposite 
to 10 hydrogen on the left hand, then every thing on the 
scale will be in accordance with Sir H. Davy*s system of 
proportions, taking hydrogen for unity, and also in accord- 
ance with the theory of definite gaseous combination, by 
volume. % 

The principle on which- this instrument works, may be 
learned in a few minutes ; and after a little practice, it be- 
comes one of the most efllcient and beautiful of labor-saving 
machines, to both the practical and theoretical chemist. 

Nothing but actual practice with the instrument, will con- 
vey to the mind of the learner a knowledge of its practical 
usefulness ; we will however give an example, by which the 
principle of its construction may perhaps be comprehended. 

We have already stated, that on this scale oxygen is the 
unit from which alfthe other proportions are calculated, and 
that this element is marked 10. When therefore, 10 on the 
sliding rule is against this number, the weights of the other 
bodies are in due proportion to this number. Thus carbonic 
acid being 27.54, and lime 35.46, carbonate of lime bein^ 
the sum of these numbers, is placed at 62. Then if the sli- 
ding rule be drawn upwards, so that the number 100, on it, 
corresponds with carbonate of lime, the other numbers will 
correspond with carbonic acid and lime, and will show the 
proportions in which these ingredients unite to form 100 



What prtnclirte does Or. Wollaston can unity, and what is Its number on the aeafe ot 
dwmieal eqaivalental On what eridenoe la tlM truth of Uie doctrine of definite pvopor 
tiooi founded 1 
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parts of carbonate of lime. Thus, the number 56 corres^ 
ponds with lime, while 44 corresponds with carbonic acid, 
these two numbers making 100. 

Theory of Atoms. That chemical bodies unite in definite 
proportions, by weiffht, and also by volume, and that where 
one body unites with another in more than one proportion, 
the second is a multiple of the first, are facts resting on the 
evidence of experiment alone. These facts, in themselves 
80 wonderful, and in their relation to science so important, 
excited the inquiry and speculations of many philosophic 
minds, as to their dause. Among thefse inquirers, Mr. Dal- 
ton, of Manchester, seems to have been the most successfiil, 
having proposed a theory which accounts, with few, if any 
exceptions, for all the phenomena observed, and which 
therefore explains satisfactorily, the reasons why bodies com- 
bine in such proportions. As the basis of this theory, Mr. 
Dalton assumes that the union of bodies in their smallest pro- 
portions, always takes place between the atoms of which they 
are composed ; that is, one atom of one body combines with 
one atom of the other body. VjThus, water is formed by the 
combination of one atom or particle of oxygen combined " 
with one particle or atdm of hydrogen. \ This theory sup- 
poses also that the ultimate atoms of matter are indivisible ; 
that they are always of the same shape and size in the same 
body, and that their weights are different in the different^ 
bodies. (Thus, the weight of an atom of oxygen is 8 times 
that of an atom of hydrogen, these being the proportions 
in which these gases form wate^ But when bodies unite in 
several proportions, then it is'^or 3 atoms of one, to one 
atom of the other. Thus, sulphurous acid is composed of 
2 atoms of oxygen united to 1 atom of sulphur, and sul- 
phuric acid is composed of 1 atom of sulphur and 3 atoms ' 
of oxygen, these being the relative weights of their elements. * 
But as it is found that the lowest proportion in which sul- 
phur unites with any other body, is in the proportion of 16 by 



What is said of Mr. Dalton'a theory of atoms? What does Mr. Dalton assume 
m the basis of his theory cS atoms) On this theory what is water cmnpoaed oft 
What does this theory suppose, in respect to the divisibility, shape, and weight, of the 
atoms of bodies 1 Why is an atom of oxygen supposed to be eight times as heayy 
as one of hydrogen 7 Why is an atom of sulphur supposed to be twice as heavy aa 
one of oxygen 1 Why is it supposed that sulphurous acid contains 1 atom of sulphur 
vnitad to two atoms of oxygen 1 That sulphuric acid is composed of 1 atom of sulphur 
a^d 3 atoms of osygea? W)iy is ths squiyalent number of oxygeaSI Why is Uua 
for sulphur Ifi 1 
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Weight, hydrogen being 1 , so it is assumed that a particle of sul* 
phur is sixteen times as heavy as one of hydrogen, and twice 
as heavy as one of oxygen. And as in sulphurous acid the 
weight 01 oxygen is found to be exactly double that in water, 
it Is reasonable to suppose that sulphurous acid consists of 1 
atom of sulphur united to 2 atoms of oxygen, and for the 
same reason, since sulphuric acid contains three times 
the weight of oxygen that water does, that this acid is com- 
posed of 1 atom of sulphur and 3 atoms of oxygen. 

All this, whether true or false, explains in the most satis&c- 
tory manner, why bodies combine with each other in definite 
proportions, and why these proportions are expressed by the 
numbers attached to each. Thus, hydrogen is unity, or the 
prime equivalent, and is expressed by 1, because by weight 
this gas is found to form water by uniting with 8 parts of oxy- 
gen. Oxygen is expressed by 8, because its proportion m 
water weighs eight time ad much as the hydrogen. The 
number for sulphur is 16, because this is the smallest propor- 
tion in which it unites with any^ubstance, and the number 
for the oxygen in sulphurous acid is 16, because in this acid 
the sulphur and oxygen are of equal weights, and therefore 
just twice the weight of the oxygen in water ; and the num- 
ber for the oxygen in sulphuric acid is 24, because its weight 
is three times that in water. 

Now by supposing that one atom of oxygen is 8 times as 
heavy as one of hydrogen, and that an atom of sulphur is 
twice as heavy as one of oxygen, or 16, times as heavy as 
jone of hydrogen, the whole mystery of the law of definite 
proportions is reduced to simple arithmetical calculation, for 
ihe proportional numbers are in fact nothing more than the 
rehitive weights of the atoms of which the several bodies are 
composed. 

In respect to the truth or falsity of this theory, it is obvi- 
ously without the bounds of demonstration, for we never can 
ascertain whether the proportions on which it is founded are 
tiie smallest in which bodies combine, nor whether, if so, they 
combine atom to atom, as is supposed. But whether it be 
true or false, it does not in the least affect the truth of the 
law of definite proportions, which, as already stated, is found- 
ed on experiment alone, and is therefore purely an expression 

» 

Why 10 the number of oxygen in sulphuric acid 2i 1 What is said of the proportionatt 
«nttmbera in relation to the weights of the atoms of bodies 1 Wliat is said in nspecl to 
the truth of this theory 7 
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of fiicts. The atomic theory, however, intist always be con* 
tidered an elegant and probable hypothesis, and while it dis- 
pkys uncommon ingenuity, and great chemical research, has 
the advantage of agreeing, in general, perfectly with the facts 
obtained by analysis. 

Chemical Apparatus, . 

Before proceeding to treat of ponderable bodies, and the 
description of particular agents, it is proposed to describe 
some of the most common, and necessary utensils, used in the 
manipulations of chemistry. 
JR^. 29. 

A crucible. Fig. 29, is a deep conical cup, of a tri- 

' angular shape at the top, and roimd at the bottom. 

\ / Crucibles are made of this shape for the conve- 

\ / nience of pouring out their fluid contents at either an- 

\ / ff^G. They are made of clay and sand baked hard, and 

^— ^ will withstand very high degrees of heat without 

melting, but are liable, to crack when suddenly cooled. They 

are chiefly manufactured at Hesse, in Germany, and hence 

are called Hessian crucibles. 

JR^. 30. A melting pot. Fig. 30. These pots are made of 

^ ^' * ^ various sizes and materials. Those used in glass 

CL^^^^_Jg houses are made of clay, and are of large size. 

I / Chemists employ those made of silver or platina, 

\ /as well as of black lead, but of small dimensions. 

I / Metallic crucibles are used for particular purposes, 

\ / when the substance to be experimented on would 

^^— J destroy the common crucible, in consequence of its 

JK^. 31. corrosive quality. 

A matrass. Fig. 31, is a glass vessel, in the shape 

6 of an Qgg, with a long neck. It is employed in ef- 
fecting the solution of such substances as require 
heat, and long continued digestion, for that purpose. 
When used, they are commonly placed in a sand 
batht that is, in sand moderately heated. 
- 1.1 _ II ^^_^>^.^» 

Whether it is true or false, does it in the least affect the truth of the dodtrine of je* 
Unite and multiple proportions 1 What is a cnicibie, and for what purpose is it v«.«d X 
Of what are crucibles made 1 How do melting pots differ from crOclbies 1 Of wha^ •cb* 
nances are melting pots made 1 Of what arc matnsses made 1 For what jmxpotn. •• 
time Teawli used 1 
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A retort and receiver n repre- 
sented at Fig. 32. Retorts, a, 
are egg shaped vessels, with 
I the neck turned on one side. 
These vessels are of various 
capacities, from a gill to a bar- 
rel, or more. They are made of glass, metal, or earthen 
ware, but most commonly of glass. No vessel is so nvuch 
used in experimental chemistry as the retort. In the process 
of distillation, in collecting tne gases, in concentrating the 
acids, and in a great variety of other operations, this vessel 
is universally employed. 

Th^ receiver, b, is a necessary appendage to the retort, and 
is destined to receive whatever comes over from it, during 
the process of distillation. For common purposes, these ves- 
sels are made of glass, but in the manufacture of various 
articles they are made of wood or metal. 

Fig. 33. Fig. 33, represents a tuhtdated 

retort. It differs from the p]ain 
retort, figured above, in having a 
iuhulure, or opening, as seen in 
the figure, to which is fitted a glass 
ground stopper. This opening 
saves the trouble of detaching the 
retort from the receiver when any 
additions are to be made to its contents, after they are con- 
nected, as in Fig. 32. It is also necessary for the introduc- 
tion of a safety tube, a part of this apparatus, absolutely 
necessary in some processes, and which will be described in 
another place. 

~ The alembic, Fig. 34, is used for the distH- 

lation or svMiThaiion of solid, volatile substan- 
ces. It consists of two parts, the head a, 
which is ground on, so as to be perfectly 
tight, and the body 5, which is set into a sand 
bath, when in use. The product of sublima- 
tion rises into the head, where it is condens- 
ed, and then runs down the spout into a re- 
ceiver. 



.What is a retort? How large are retorts 1 Of what are retorts made 1 What are Um 
«8B0 of retorts t What is a receiver, and what is its use 1 Of what are recei ven made t 
Bow does a tabulated, differ from a plain retortt What is the use of the tuhuliice, or 
opening, in tJua retort 1 What is an alembic) Wfaatistheafleof thealQinbiQ) 
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Fig. 35, Evaporating dish. Fig. 35. Every chemi 

cal apparatus must have among its utensiU 
shallow dishes for evaporating fluids. The 
best are made of Wedgewood*s ware, and come 
packed in nests containing several sizes each. 
The heat is applied by means of heated sand or ashes, and 
these vessels are used to evaporate solutions of salts, in order 
to obtain crystals, and for various other purposes. 

Fig. 36. . Fig. 36, a Florence flask, furnished with a 

tube, to be used instead of a retort. Students 
will save considerable expense, by employing 
these flasks in the room of retorts. The 
cork is pierced with a burning iron, and 
through tne aperture is passed a tube of glass 
or lead, bent as in the figure. In obtaining 
oxygen, by means of oxide of manganese and 
sulphuric acid, and for many other purposes, 
this arrangement will serve instead of the best retort, while, 
if broken, the expense is only a few cents. 
Fig. 37. The common blow pipe, Fig. 37, is a little instru- 
ment by means of which the most violent heat of a 
furnace may be produced. It is a pipe of brass, 
about the third of an inch in diameter at the largest 
end, and thence tapering, gradually, to a point, and 
bent, as in the figure. 

To use it, place the curved end in the flame of a 
lamp, or candle, and apply the lips to the other end, 
then blow gently and steadily, giving the jet of flame 
a horizontal direction. To keep up a constant stream 
J/ of air- for a length of time, the inspiration must be 
— «s*^ made by the nostrils, while the cheeks are used as 
bellows. The art of doing this is soon learned by practice. 
The small fragments of ore, or other substance, on which the 
flame is thrown, must be laid on a piece of charcoal, which 
is held by small foreceps. When a very intense heat is re- 
quired, and the fragment is so light as to be blown away by 
the air, it may be confined by making a small cavity in the 
charcoal support, into which the substance is put, and another 
piece of charcoal is placed partly over this. 



Of how many parts does the alembic consist? For what purposes aie eTapogratioa 
diahsa employed? What does Fig. 36 represent? What are the advantages of utii^ 
Florence flasks instead of retorts ? What is the common blow pipe ? What is tho 
of this iutrument ? Describe the mode of using it. 
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GahrCs Blowpipe, Fig. 38, is a much more con- 
venient form than the common one above descri- 
bed. In the common form^ the flame is sometimes 
nearly extinguished, and the process stopped, by 
the condensed moisture from the breath. In 
Gahn's instrument this is prevented by the cham- 
ber a, which retains the condensed moisture, and 
which may be taken off from the main pipe for its 
removal. The tip of the small pipe through 
which the air passes to the flame, fits to a socket, 
so that those of difl*erent sized orifices can be used. 
The dropping tube. Fig. 39, is a small glass 
tube, blown into a ball in the middle, and ending 
with a fine orifice at the lower end. It is filled by 
dipping the small end into the fluid, and exhaust- 
ing the air by sucking at the upper end with the 
mouth. The thumb is then placed on the upper 
end,~which keeps the liquid from running out. On 
Fig, 39. raising the thumb, the contents will descend in^ops, 
** but is instantly restrained on replacing it. 

This little instrument is highly useful for various 
purposes, and particularly when it is required to intro- 
duce one fluid under another, as water under alcohol, 
or sulphuric acid imder water. 

The simple arrangement. Fig. 40, is designed to col- 
lect and retain for the purpose of temporary examina- 
tion, such gases as are lighter than the atmosphere, 
Fig. 40. and at the same time are absorbable by water. 
These gases, for more thorough examination, re- 
quire the aid of a mercurial bath, but most of their 
properties may be examined by the apparatus re- 
presented by the figure. 

The flask a, is to contain the materials for extri- 
cating the gas, and into the mouth of this, there is 
jy inserted a tube a foot or more long. The tall bell 
jP glass b, or a large tube closed at the upper end, is 
inverted over this tube, as seen in the figure. 

As an example of the use of this apparatus, sup- 
pose we desire to make some experiments on am* 
monia, a gas which is rapidly absorbed by water, 
and specifically lighter than atmospheric air. The 
materials for separating this gas are muriate of am- 



o 



^ 



II 

I ■ 

!i 

i : 

I! 




How does Gahn's blowpipe differ fiom the oommon one 1 What are the peculiar ai^ 
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mtmi€b, called also sal oMmoniac, and slacked quidc-Ume* 
These being separately reduced to pox^der, equal parts are 
then mixed, and introduced into the flask a, and the tube put 
into its place. On application of a gentle heat, the gas will 
be set free in consequence of the combination which takes 
place between the lime and the muriatic acid of the muriate of 
ammonia. The ammonia is thus set at liberty, and being 
lighter than the air, ascends and gradually displaces the air 
from the vessel b, and takes its place. This experiment affords 
an instance of the chemical action of two solids on each other* 
Fig. 41. Fig. 41 is designed as a 

simple illustration of a 
gas apparatus. The me- 
thod of making experi- 
ments with the perma- 
nently elastic fluids, such 
as common air, and the 
gases, and of transferring 
them from one vessel to 
another, though sufiicient- 
ly simple, requires some directions for the beginner. The 
gases are none of them sufficiently dense, to be retained in 
vessels open to the air for any considerable time; and some 
of them being lighter than the atmosphere, instantly ascend, 
and are lost, when the vessels containing them are opened. 
All the gases, therefore, wheii open to the air, mix with it more 
or less rapidly, according to their densities, and thus escape 
us entirely, being diffused in the atmosphere. Hence, to re- 
tain a gas in a state of purity, it must be kept from contact 
with the atmosphere, and hence also the necessity of first fill- 
ing the vessel with a fluid instead of air, before the gas is in- 
troduced, and of transferring it under a fluid from one vessel 
to another. 

The figure represents a wooden vessel or tub, a, with a 
shelf k, k, fixed a few inches from the brim. When the ap- 
paratus is to be used, the tub is to be filled with water, 




Tantages of this blowpipe 1 Describe the construction of Gahn'3 blowpipe. What is ths 
ahape of the dropping tube? What is the use of this instrument 1 Describe the manner 
of using the dropping tube. For what purposes is the dropping tube useful ? What ia 
the use of the apparatus represented by Fig. 40 1 Describe Fig. 40, and ezplaba an ex- 
ample of its use. How may ammonia be obtained and examined by means of this appa* 
latUB 1 What is represented by Fig. 417 Why cannot the gas be poured from one 
adtoaaothtf, and be retained in aoc^QTessd like water? 
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00 as to rise a few inches above the shelf. Now when a 
gkss jar, or any other vessel, open only at one end, is filled 
with water, by being plunged into the fluid, it will retain its 
contents when raised above the fluid, provided its mouth be 
kept under it ; for the water is sustained in the vessel by the 
pressure of the atmosphere, on the same principle that the 
mercury is sustained m the barometer tube. (See Barometer 
in Natural Philosophy.) The vessels b, g, t represent jars 
filled with water, and inverted on the shel^ their necks pass- 
ing through an aperture in it, so as to preserve their uprigh; 
positions. The vessels e, c, and i, are retorts, with their 
necks inserted into the mouths of the inverted jars. 

Now when common air, or any gas, is introduced into the 
mouth of a vessel so inverted, the air will rise to the upper 
part of the vessel, and will displace the water, and occupy its 
. place. If a tumbler, or cup, in the state which we usually 
call empty, but which is really full of air, be plunged into 
water with its mouth downwards, very little water will enter 
it,- because the admission of the fluid is opposed by the in- 
cluded air ; but if the mouth of the vessel be turned upwards, 
it immediately fills with water, while the air is displaced, taxi 
rises to the surface of the fluid in one or more bubbles. 
Suppose this is done under the mouth of a jar filled with wa- 
ter, the air will ascend as before, but instead of escaping, it 
will be detained in the upper part of the jar. In this man- 
ner,, therefore, air may be transferred from one vessel into 
another, by an inverted pouring, and the first portions, in- 
stead of occupying the bottom of the vessels, like water, as- 
cend to the top, the air, instead of running from a higher 
to a lower vessel, rising from .the lower to the higher one. 
7his is owing to the pressure of .the water on the air, or to 
the lightness of air when compared with water. For the 
same reason, lead being lighter than quicksilver, if a bullet 
of the former be sunk in a vessel of the latter, it will rise to 
the surface. On this principle balloons ascend ; the hydrogen 
with which they are charged being 13 times lighter than the 



Explain .the reason why a yeesel filled with water may be raised above the flnid, pro* 
Tided its mouth be Icept under it. When a tumbler is forced into the water with its 
nooth downwards, why dues not the fluid rise In Itl When air Is introduced under • 
vessel, inverted and filled with water, why does it rise to the highest pott of tho yomI % 
Bow does the nse of a lialloon iUustrate tfads principle) 
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Fig- 42. 




Fig, 43. 
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atmosphere, the former is forced upwards by the pressure of 
the latter. 

A bell glass receiver, Fig. 42, is employed in 
making experiments on air, or the gases. It is 
a glass yessel, of the shape represented in the 
figure, and of various sizes, from the capacity of 
a pint to that of several gallons. The knob at 
the upper part, is the handle by which it is 
moved. It is used for the temporary confine- 
ment of elastic fluids, on which expermients are 
to be made. Large tumblers are good substi- 
tutes for bell glasses. 

A lamp furnace, Fig. 43, is one of 
the most indispensable articles in a 
chemical apparatus. It consists of a 
rod of brass, or iron, about half an 
inch in diameter, and three or four 
feet long, screwed to a foot of the 
same metal, or to a heavy piece of 
wood. On this rod, slide three or 
four metallic sockets, into which are 
screwed straight arms terminated 
with brass or iron rings of diflerent 
diameters. The screws cut on the 
ends of the arms where they enter 
the sockets are all of the same size, 
so that the rings may be changed 
from one socket to another, as con- 
venience requires. These rings are 
for the support of retorts, receivers^ 
eyaporating dishes, &c., as repre- 
sented in the figure, and may be 
moved up, or down, or turned aside, 
and then fixed in their places, by 
means of thumb screws passing through the sockets and act- 
ing on the rod. The lamp by which the heat is ffiven for dis- 
tillation, or other purposes, is also fixed with a thumb screw, 
so that the heat can be regulated by moving it up or down. 
Specific Gravity. The specific gravity of a body is its re- 




What does Fig. 42 represent 1 What is the um of the bell glass receiver 1 DescrilM 
the lamp furnace, Ffg. 43. What are the uses of the rings on the ends of the annal 
What are the uses of the thumb screws with which the sockets and lamp are fumidicd 1 
What is the specific gravity of a body 1 
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latire weight when compared with the same bulk of anothet 
body. For solids and liquids, water is the substance to which 
the weight of other bodies are compared ; and for elastic 
fluids, the atmosphere is the standard of comparison. 

When a body weighs twice as much as the same bulk of 
water; it is said to have the specific gravity of 2 ; and if it 
weighs three, four, or five times as much as the same bulk of 
water, it has the specific gravity of 3, 4, or 5. Water, there- 
fore, is the unit, or standard of comparison, and has in this 
respect the specific gravity of 1. 

When a body is weighed in water, its weight will be di- 
minished by exactly the weight of a quantity of water equal 
to its own bulk, and thus the difference between its weight 
in air and in water being known, its specific gravity is readily 
found. 

^'^ - The most simple mode of taking the specific gra- 
^ vity of a solid, is by means of NicholsorCs PortabU 
Balcmce, represented by Figf. 44. The body is a hol- 
low cylinder of tinned iron, terminated at each end 
by a cone. From the vertex of the upper cone rises 
the small stem a, of copper or brass, bearing a small 
tin cup. This cup slips on, and may be removed 
when the instrument is not in use. From the point of 
the lower cone is suspended the tin cup «, at the bot- . 
tom of which is attached a cone of lead so heavy as 
to sink the whole instrument in water nearly to the 
base of the upper cone. Before this balance is used, 
it is placed in a vessel of water, and the upper cup 
loaded with weights until it sinks so far that a mark 
on the stem at a, coincides exactly with the surface of 
the water. The weights so added are called the balancg 
weights^ and their amount may be marked on the cup as a 
given quantity for future use : suppose this is 900 grains. 

The specific gravity of a solid may then be taken as fol- 
lows. First place it in the upper cup, and add weights until 
the mark on the stem coincides with the water ; suppose this 



With what subetance aro aolida and liquids eompared to find their specific gmvidea t 
What is the standard of comparison for elastic fluids) Suppose a body weighs twice a0 
much as the same bulk of water, what is its specific gravity 1 What does Fig. 44 rep!r»> 
sent 1 Describe this balance. What preparation is necessary before the lialance is usedY 
What are the balance weights 1 After the balance weight is known, how will you in»> 
<eed to find the specific gravity of a bodyl 
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to be 400 grains ; subtract this fvom the baknce weight, and 
we have 500 grains for its weight in air. Then remove the 
subject of experiment to the lower cup, and the stem will 
rise aboYe the mark, because it weighs less in water than in 
air ; weights must therefore be placed in the upper cup until 
the mark again coincides with the surface of the water ; sup- 
pose this to be 100 grains, which will be exactly the weight 
of the water displaced by the mineral or other solid. The 
apecific gravity is now found by a very simple rule, namely, 
Divide ike weight in air by the loss in watery and the quotient 
toill be the specie gravity. 

In the present instance, we have 500 grains for the weight 
in air, and 100 for the loss in water ; therefore 100 : : 500k* 
5, the specific gravity. 

The most simple method of taking the specific gravity of 
liquids, is by means of a graduated bottle holding 1000 grains 
of water, which is taken as the unit^or standard for other 
liquids. 

Fig. 45. Take a small bottle with a long narrow neck, as 
represented by Fig. 45, and having weighed it accu- 
rately, introduce into it exactly 1000 grains of pure 
water, and mark the level of the water with a file on 
the neck of the bottle. I'he bottle thus prepared will 
. . serve to ascertain the specific gravity of any fluid, for 
y V since water is the standard by which the comparative 
I I weights of all other fluids are known, the same bulk 
^ l»-J of any other fluid, weighed at the same temperature, 
will be its specific gravity. 

Thus, suppose that when the bottle is filled with sulphu- 
ric acid up to the mark at which the water weighed 1000 
gnuns, it should be found to weigh 1800 grains ; then the 
specific gravity of the acid ^lould be 1800, water being 
1 000. If filled to the same mark with alcohol it might weigh 
800 grains. The specific gravity of alcohol would therefore 
be 800, water being 1000. But as it is imderstood that 
water is the standard of comparison, the specific gravities of 
bodies are expressed merely by the numbers signifying 
their relation to this standard. Thus the specific gravity of 

Aftei* finding the weight of a body in air, and its 'wmgtat in water, wiiat is the 
nle for finding ita specific gravity) What are the most simple means of finding ths 
* qiecific grarity of a liquid 1 How does a bottle filled with 1000 graim of water, beoooM 
t» standard for other liquids 1 Suppose a giyen bulk of water weif^is tOOO grains^ axA 
Ihe aame bulk of another fluid 1600 gnOna^ what would be the specific gnnriiy of tte 
iDtterl 
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ledi is 11, tbat Jb, it is U times as heavy as "water, bulk for 
bnik; while the specific gravity of ether is 750, that is, a 
gifen bulk of ether will weigh 750 grains, ounces, or pounds^ 
wliile the same bulk of water weighs 1000 grains, ounces, or 
pounds. {See spec, grav, in Nat, PhUosophv.) 

To determine accurately the specific gravity of the gases, 
is an operation of great delicacy, and requires not only very 
nice apparatus, but much experience. The method by which 
it is done is, however, easily explained, and will be readily 
understood. 

We have already said that atmospheric air is the standard 
of comparison for the gases. In the first place, therefore, it 
is necessary to ascertain the weight of a given volume ci tar. 
This is done by weighing very accurately, a light glassies- 
sel furnished with a good stop-cock, when full of air, or in 
its ordinary state. Then having withdrawn the air, by 
means of an air pump, and closed the stop-cock, the vessel 
is again weighed, ana the difference will show the weight of 
air which the vessel contained. On making this experiment, 
it is found that 100 cubic inches of air weigh 30.5 grains, and 
by the same method, the weight of a given portion of any 
emstic fluid may be ascertained. In all these experiments, 
it^s understood that the thermometer stands at 60^ and the 
barometer at 30°. 

Fig, 46. Suppose, then, that the glass globe a. Fig. 46, 

?is of sufRcitbt capacity to contain 100 cubic 
inches of air weighing 30.5 grains, and it is found 
on filling it with oxygen that the same quantity 
of this gas weighs 34 grains. Then to find the 
specific gravity of the latter gas we say, "as the 
weight of the air is to that of the oxygen^ so is 
unity^ or the specific gravity of the atmosphere 
to the specific gravity of oxygen?^ Thus, 30.5 : 
34: : 1»1.1147. gives 1.1147 for the specific 
gravity of oxygen gas. 

But since il is inconvenient in practice to ex- 
periment on just 100 cubic inches of gas, the 
graduated vessel ^, has been invented, to show 
^at once what quantity of gas in cubic inches is 
weighed in the globe a. 

The globe being first exhausted of air, and its 
stop-cock closed, is then connected with the re- 
ceiver 6, containing the gas, and both cocks 

Hbw^ia theipeciflc gxayity of agasaacertainedl 

10 
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bein^ opened, the gas passes from the receiver to the globs. 
The receiver being open at the bottom, and set over water, 
or mercury, the rise of the fluid will show the quantity of gas 
which passes into the globe, and on weighing the globe both 
before and afler connecting it with the receiver, the differ- 
ence will show the weight of the air thus transferred. 

Nomenclature, 

The nomenclature of Chemistry, now universally employ^ 
cd, was invented by the \^rench chemists about 1784.^ Be- 
fore that period, the names of chemical substances wfere en- 
tirely arbitrary, that is, each substance had an independent 
name, the signification of which had nothing to d^ with its 
composition, * or oflen gave an erroneous idea concerning it. 
Thus, solution of muriate of lime was called liquid shelly and 
afterwards oU of lime. Liquid anmionia was called bone 
spirit^ and sulphuric acid was called oil of vitriol. It is 
true, at that time the substances kno\^Ti to chemists were few 
in number, when compared with the immense list of the 
present day. But even then, their number was such as to 
make it difficult for the memory to retain them, and at the 
same time to remember their origin or composition, when 
this was known. At present, were the substances mention^ 
in any chemical book merely designated bv arbitrary names, 
or names inexpressive of their composition^ the student would 
necessarily spent more time in iSkrnng and remembering 
them, than is now required to obtain a knowledge of the 
whole science of Chemistry, / The general diffusion of 
chemical knowledge, therefore, is in a great measure owing 
to the present nomenclature, — ^its perfect simplicity, its co- 
piousness of meaning, and the ease with which it is learned 
and retained. 

Each term in this nomenclature designates /&ie composi- 
tion of the compound substance to which it is applied 3 and 



What is the weight of 100 cubic inches of common air 1 Suppose it ia found that 100 
cnbic inches of oxygen gas weighs 34 grains^ how ia its specific gravity found 1 Explain 
Fig. 46^ and show the deagn of each veasel, and the manner of using them. When wm 
tfie chemical nomenclature invented, and by whom? Before this iUTention, how were 
diemical substances designated 1 What is said concerning improper names before this 
inventioQ t At present, were the substances loiown to chemists designated only by arfoU 
trary namei^ what would be the consequence to the learner) What eflfect has this n(^ 
menc^atuTe had on the diffusion of chemical knowledge T By this nomenclature what 
do the names of the substances designate? 
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fts the simple substances are comparatively few, the e6mpo- 
sidon of most chemical substances are known only by these 
names. 

The names of the acids^re derived from those of their 
bases, that is, from the names of the substances to which 
oxygen unites in such proportions as to form acids^ Thus, 
/sulphiir^ the base of sulphuric acid, and fcarbo^ is the base 
of carBonic acid. Some of these bases unite with several 
proportions of oxygen, and form acids of different degrees 
of strength. These proportions are designated by the differ- 
ent terminations of the name of the acid, the smaller pro- 
portion being signified hy^ous^ond the larger by (ic. 1 Thus, 
8ulphur^5 and sulphuric, anil nitrat^^ and nitric acids, mean 
that th^e acids contain single and double proportions of oxy- 
gen. (The salts,\hai is, the compounds which the acids 
&rm with alkali^, earths, and metallic oxides, also indicate 
by their names the substances they contain. Thus, the salts 
ending in |^e)consist of a base, united to an acid ending in 
ous; and a salt ending in/a^j)contains an acid ending in ic 
Sulphide and phosphide of potash are formed of potash and 
sulphuroi^; and phosphorott^ acids, while sulpha/e and phos- 
phate of potash denote compounds of sulphuric and phos- 
phoric acids, united to the same base. The names of all 
the salts, of which there are nearly 2000, denote their com- 
position in the same msuuier, and thus we know the ingredi- 
ents of their compositiMs bv merely seeing their names. 
The termination uret denotes the union of simple non-metal? 
lie bodies with a metal, a metallic oxide, or with each othejp/ 
Thus, suLiphuret and carbi^rc^ of iron, indicate a combination 
between^sulphur or carbon with irori>> As oxygen combines 
with several of the metals in different proportions, but not al- 
ways sufficient in quantity to form acids, the compounds so 
formed, though derived from the same metal, differ from each 
other. These compounds are called oxides^ and are distin- 
guished from each other by the Greek derivatives,(2?ro/, deut. 



From what are the names of the acide derived 1 What to the base of wdphuric acidl 
What b the base of caitwnic acid 1 By what termination in the word is a weak acid de- 
signated 1 By what termination is the strong acid indicated 1 What are the compounds 
called which the acids fonn with different bases 1 If an acid ends hi ouSf what Js Iha 
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Sani^ and ftr.^ vProtoxide signifies the first d<^fi[Tee of ozida* 
fici^} 4^«tttoxide, the second) ^ntoxide, the thirdjTand jwroxide, 
the highest. ^ In some of the salts, it was formerly supposed 
that the acid prevailed, or tha^'more acid was present than 
necessary to saturate the alkalijand in others that the alkali 
.pvevailed. The first of these were called st^ersalts, and 
the second fufoalts, while those in which the acid and alkali 
•were in due proportion, were called ntittral salts. These 
•names are now regulated by the atomic constitution of the 
•aalt. If it is a compound of one atom of acid and one of al- 
kali, the generic name is employed, as carbonate of potash. 
But if two or more atoms of the acid be combined with the 
same base, a numeral is prefixed to indicate its composition 
in this respect. Thus, when the acid is in two proportions, 
or ther^ are two atoms of acid to one of potash, it is called 
dtK»irbonate of potash. The three salts of oxalic acid and 
potash are called the oxalate, ^noxalate, and ^iMu^roxalate of 
potash, the first consisting of one atom of each, the second 
•f two atoms of acid to one of potash, and the third of four 
atoms of acid to one of potasL 
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PONDERABLE BODIES. 



ExplaruUions. t^A ponderahlt body, is one which has ap- 
preciable weight. 

A simple hoij* is one which has not been decompose^ 
These are also called elements^ or elementary bodies. 

It is possible that all the substances now called elementary, 
may still be in reality compounds, for our knowledge on this 
subject is entirely negative, that is, 'all bodies which the art 
of chemistry has been unable to separate into parts, or to de- 
compose, are called simple)ia order to distinguish them firom 

Br fftettamui are the diflbrant oxides denoted 1 Wbat Is a devAixide 1 Whatba 
'IrOazMsl What Is a peroxide 1 Whatieaaidof tftcperBaltsandmctaaltal Whatara 

cttlMiiBte and Wcaibonate of potash 1 Whatieapondenble bodyl What ia a simple 
'bodrl What is the difierence between a aimple and an elemeniaiybodjt Whendo 

chamials call a bod7 aimplef 
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known compound^. Before the refinements of chemical 
analysis were known, it was helieved that nature afiibrded 
only four elements, ^z. fire, air, earth, and watei^ Analysis 
has however shown, that fire, or heat, is the result of chemi- 
cal union ; that air is a compound of nitrogen and oxygen ; 
that there are many earths, and that water is composed oi 
hydrogen and oxygen. 

The number of simple bodies now enumerated amount to 
abouty^fty, or perhaps fifty-two.) They consist of about 40 
metals, three, or perhaps four supporters of combustion, viz. 
oxygen, chlorine, and iodine, and probably also bromine, and 
seven non-metallic combustibles, viz. phosphorus, carbon, 
hydrogen, sulphur, boron, selenium, and nitrogen. 

Only a few years since, potash, soda, and several other 
substances, now found to be compounds, were supposed to be 
elementary bodies ; ^ind it is highly probable^hat many sub- 
stances, now arranged as simple, will soon be found to be 
compounds. 

Before proceeding to describe the properties of the gases, 
it might be thought necessaryto detail more particularly than 
has been done, the modes of confining and transferring them 
from one vessel to another. But it is thought that such di- 
rections are better understood by the student, and much more 
readily followed when given in connexion with the particu- 
lar subjects or cases, to which they immediately apply. The 
method, for instance, of transferring the nitrous oxide from 
the retort to the gasometer, and from the gasometer to the 
gas bag, will be best understood if given in connexion with 
an account of the properties of the gas, or immediately after 
it The same, it is thought, may be said of confining and 
transferring the other gases. As several diflerent methods 
are required, depending on the nature of the gas, its absorp- 
tion by water, its specific gravity, and other properties, these 
dififerent modes can be best explained and understood in im- 
mediate connexion with the description of the peculiar pro- 
perties of each gas. 

As the doctrine of definite proportions is not only highly 
interesting as a subject of philosophy, but is also intimately 
connected with chemistry, Iboth as a science, and a practical 
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tttt we jdballtrttach to the name of each substance at the head 
t>f sections, its equivalent number, so that the reader may at 
dnoe observe its combining proportion. And it is earnestly 
leoommended to the pupu, that he should not only regard 
thiff subject as one of great importance in a scientific relation, 
but also, when viewed in a difierent light/as one that tends 
directly to impress the mind with the most serious conviction, 
tiiat nothing in nature has been left to chance, Sbut that the 
^^^Imighty Creator has left a witness of himself even in the 
proportions, and arrangement of the atoms of mattef> No- 
tbing, perhaps, even the sublimest works of nature, are more 
eakulated to elicit the wonder and astonishment of a reflect- 
ing mind, than the &ct that substances combine with each 
other in exact, and definite quantities, and that these quanti- 
ties or proportions, are the same in relation to the same sub- 
stance throughout the world, and have been so ever since the 
creation. This discovery may be considMsed as a new proof 
directed expressly to the present age, that the most minute 
works of what we call nature, do indeed bear the most indu- 
bitable marks of divine agency and design. 

But while the discovery itself is an evidence of the profound 
philosophy of the present age, the developement of its prin- 
ciples, by the constant accession of new ideas, is calculated 
rather to humble the pride of human knowledge, by a& coft^ 
stant a conviction, that after all our acquirement%^e know' 
comparatively nothing of the laws and operations of aatu;^ 
The very fact, that the laws of proportions, now comparatively 
just known to man, have existed ever since the creation of 
matter, and have been in perpetual txercise all over the imi- 
verse, without a suspicion of their existence, is of itself a suf- 
ficient proof pf the almost entire ignorajice of man even of the 
phenomena of natur^and a still stronger proof of his igno- 
rance of her laws. And if facts, in themselves so simple, yet 
80 wonderful, and when once known, so obvious, have esca- 
ped the observation of man for thousands of years, is it not 



'Wbat Is said of the doctrine of definite proportion^ in relation to philoaq>h7 and che- 
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pfobable that jdienomeDa are constantly going on before our 
eyes, which, could we understand them, would astonish us 
still more, and at the same time afibrd a still stronger convic* 
tion of our ignorance, and want of penetration ? 

These considerations, while they are calculated to humble 
the pride of human intellect, by showing how little we know 
of the laws which govern even the ordinary operations of 
nature, ought, by the conviction of ignorance, to prove an in- 
centive to constant observation on natural phenomena, that, 
if possible, we might arrive at the knowledge of their tms 
causes. 

INORGANIC CHEMISTRY. 

NON-XETALLIC SUBSTANCES. 

Oxygen — 8. 

The name oxygen is derived from two Greek words, an<l 
signifies the jformer, or generator of acids^JbecSLoae it enters 
into the composition oi most acid subctalices, and was for- 
merly considered the universal and only acidifying principle 
in nature. >. 

It was discovered by^^. Priestle3rin l77AjBLnd named by 
hin^ dephlogisticaied air. Its specific gravity i8(J.lO air 
h^g 1. It is a non-conductor of electricity, like common 
^$U)r. Its electrical state is always negative, and when sud- 
denly and forcibly compressed, as in the fire-pump, already 
described, it emits light and heat. ^ 

Oxys^en may be obtained from many sub6tances.( The 
peroxides, of lead, or manganese, and the nitrate and cnlorate 
of potash/all yield it in abundance, when merely exposed to 
a dull rea heat 

The cheapest and most convenient substance for this pur- 
pose is black, ^r peroxide of manganese, in the state of fine 
powder.^ This, when heated in an iron bottle or gun-bar- 
rel, will yield upwards of {l20 cubic incheaiof the gas to an 
ounce of the oxide. For small experiments, a gun-barrel 
may be used ; but where considerable quantities are wanted* 
^ wrought iron bottle, with a neck 18 inches long, is the best 
instrument. \ 

— . 1 1 mi III I I ll» 
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Fif.«. The shape is represented at Fig. 47, with the addi- 
tion of a piece of gun-barrel, fitted to the mouth of 
the bottle by grinding. A tube, leading from the 
gun-barrel to the gas holder, conveys away the oxy- 
gen as it is extricated from the manganese. In t£e 
absence of such a bottle, oxygen may be eTonvenient- 
ly obtained by mixing, in a proper vessel(one part of 
sulphuric acid, and two parts of the o^de of manga- 
nese, and applying the heat of a lampJ The cheap- 
est and most convenient vessels for tftis purpose are 
Florence flasks, fitted with corks and tubes, as rep- 
resented by Fig. 36. This, and the lamp furnace, 
Fig. 43, together with an inverted vessel filled with 
water, constitute the apparatus necessary for the extrication 
and confinement of oxygen. 

With respect to the theory of these processes, it is neces- 
sary to state, that there are three oxides of manganese, each 
of course containing difierent proportions of oxygen. These 
oxides are thus constituted, the combining proportion of man-- 
ganese being 28, and that of oxygen 8. 

Protoxide manganese, 28r added to oxygen, 8=36 
Deutoxide 28, " H^* 12=40* 

Peroxide 28, " _/* 16=44 

When the peroxide is exposed to a red heat, it parts with 
i^alf a proportion J)f oxygen, that is, 4 parts, the number for 
oxygen .being 8, and is therefore reduced to a ^ deutoxide^ 
whose number, it will be observed, is 40. The number for 
the peroxide being 44, and the loss by a red heat being 4, we 
obtain 4 grains of oxygen for every 44 grains of the oxide, 
which in bulk is nearly 12 cubic inches, making about 128 
cubic inches for each ounce of the oxide. 

When oxygen is obtained by means of sulphuric acid, the 
theoretical expression is dififerent. (In this case the peroxide 
loses a whole proportion pf oxygen, and is thus converted 
into a protoxide, which then combines with the acid, forming 






What apparatus is necevary fcr obtaining tbis gas from manganese by means of bdK 
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a sulphate of manganese, which remains in the letoiy Qy 
this process, therefore, the peroxide yields 8 grains of oag^- 
gen to every 44 grains employed ; but in practice it is found 
that the first method is the best and cheapest. 

It will be observed, that the weight of oxygen for the deut- 
oxide, expressed above,^is only 12, being a nroportion and a 
half^ instead of 2 proportions of that elemenL^ The oxides of 
lead and iron anora examples of precisely the same kind. 
These facts were at first supposed to afibrd exceptions to the 
law of definite proportions, or rather to the atomic theory by 
which the cause of definite quantities is explained. But it 
will be remembered, as already stated, that the smallest pro* 
portions in which bodies have been found to combine by 
weight, are those by which they are represented in numbers. 
Now the smallest proportion in which oxygen lias hitherto 
been known to combine, is in water, this proportion being as 
8 to 1. The number, therefore, for oxygen is 8. But u it 
should be hereafter found, in the course of analysis, that oxy- 
gen unites in half this proportion, in any instance, then tms 
apparent anomaly will be completely explained, for then its 
union with hydrogen, to form water, will be in two propor- 
tions, and its union with manganese, forming the deutoxide, 
will be in three proportions, &c. The &ct, therefore, that 
oxygen unites in the proportion of 12 is not considered a 
valid objection to the imiversality of the law of definite and 
multiple proportions, but only a proof that the smallest combi- 
ning proportion of oxygen may not yet have been discovered. 

This digression seemed necessary, in order to explain, 
once for aU, this apparent anomaly. 

Oxygen gas is an invisible transparent fiuid, like common 
air, ana has neither taste nor smell. It is sparingly absorbed 
by water, lOO cubic inches of which, take up three or four 
cubic incheis^ of the gas?! 

Oxygen has the most' universal affinity of any known sub- 
stance, /there being not one of the simple substances with 
which it may not be made to combine. It unites with all the 
metals, forming a \^ry extensive class of compounds, known 
under the name ofloxidesy With some of them it combines 
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in such proportions as to form acids. Such is the case witli 
arsenic, molybdena, and others. With the simple combusti" 
hies, sulphur, carbon, &c., it also combines in various pro- 
portions, forming oxides and acids. With the metals sodium 
and potassiiun, it enters into combination to form the alkalies 
soda and potash.*^ Thus the acids and alkalies, though in 
^most of their properties so entirely opposed to each other, are 
composed of oxygen united to different bases, the base ol 
sulphuric acid being sulphur, and that of potash being po- 
tassium. 

The process of oxidation sometimes takes place very slow- 
ly, as in the rusting of iron exposed to the atmosphere. In 
this case, the affinity of the iron for the oxygen contained in 
the atmosphere, though constantly exerted, produces its ef- 
fects very gradually, particularly if the iron is kept in a dry 
state ; but the oxidation is greatly facilitated if the iron is 
moistened with water, since then the metal absorbs oxygen 
from the water, as well as from the air. 
/ In ordinary combustion, which is nothing more than a rapid 
oxidation^with the extrication of heat and light, the strong 
affinity between the combustible and the oxygen is caused by 
the great elevation of temperature. The combustible re- 
quires, in the first place, to be heated to a certain degree, 
before it will attract oxygen with sufficient force to emit heat 
and light, after which, the elevation of its temperature is con- 
tinued by the absorption of oxygen, and thus the combination 
of one portion of oxygen with the burning body causes the 
absorption of another. 

A combustible is any substance, capable of uniting with 
oxygen, or any other supporter of combustion, with such ra- 
pidity, as to cause the disengagement of heat and light. In 
this sense, iron, steel, and many other bodies, thouffh they will 
not burn in the open air, are strictly combustibles, eis they 
conform to the above definition, when heated in oxygen 
gas. • 

In this gas, all combustibles bum with greatly increased 
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mlendor ] and many substances which, before the discovery 
of this gas, could not, in any sense, belong to this class, are 
now strictly combustibles. 

The combustion of various substances in oxygen gas, affords 
experiments of the most brilliant and instructive kind. 

Among these, the combustion of iron, steel, and zinc, are 
highly interesting, not only because we are not in the habit 
of seeing metals burn, but because the first give out the most 
splendid corruscations of light, while the zinc burns with a 
light peculiar to itself. 

To exhibit the combustion of iron or steel, in this gas, 
procure a piece of wire of small size, or what is better, a 
watch spring, and wind it round a slender rod of wood, so 
as to coil it in a spiral form, the turns of the wire being 
about the fourth of an inch apart. Then withdraw the ro^ 
and fix to the lower, end of the coil a small piece of thread 
dipped in melted bees-wax, or sulphur, or what is better, a 
little piece of spunk. The other end of the wire, for a few 
inches, is to be leil straight, and fixed to the cork fitting the 
mouth of the bottle in which the experiment is to be 
made. 

Next, fill a clear glass bottle of a quart or more capacity 
with oxygen gas, and having set it upright, cover the mouth 
with a plate of glass, or otherwise. Then inflame the com- 
bustible on the end of the wire, and having removed the cov- 
er from the bottle, introduce the coil, and &x the cork in its 
place, as represented by Fig. 47. 

2^V 47. The wire will burn with a light too vivid for 
* the eyes to bear, throwing out the most brilliant 
corruscations in every direction. Now and then 
a globule of the melted metal will fall, and if 
the vessel contains water, it will leap on its 
surface for an instant or two, being( thrown up 
by the steam into which it converts the fluid. 
If the vessel contains no water, th^ intense heat 
of the globule <will cause it to melt the glass and 
sink into its substance, and if the glass be thin^ 
it will fuse a path quite through it, without caus- 
ing the least fracture. 



What is said of the brilliancy of the combustion of some of the metals 1 How is thi 
inn wire prepared for combustion in oxygen gas 1 Describe Fig. 47. What causes tlM 
CMniles of melted iron to leap on the surface of the water ? What is said of the actkm 
of the globules oi metal on tlie glass? 
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To witness the combustion of zinc in oxy gen/jSrst prepaf^^ 
the metal by melting, and pouring it while fluid into the water^ 
Then place some thin pieces in a spoon prepared with a 
cork on its handle, as represented by Fig. 48, and put in the 
jpe MQ midst of the zinc a small piece of phosphorus. Har- 
^' *ing a bottle of the gas prepared as in the last experi* 
ment, inflame the phosphorus by holding the spoon 
over a lamp, and instantly introduce it into the bot- 
tle, fixing the cork in its place. The metal will bum 
with a beautiful white light, often tinged with green, 
owing to a small quantity of copper which the zinc 
contains. 

If a lighted candle be blown out and then plunged 
into a vesse^ of this gas, while a spark of fire remains 
in the wickj^it will be relighted with a slight explosion^ 
The best way of making this experiment, is, to place a 
short piece of candle in a socket, fixed to a wire, as in Fig. 49. 
In this manner a candle may be blown out and again set on 
j^ jq fire by dipping it into a bottle of oxygen, twenty or 
^' ' thirty times, and perhaps oftener. / 
^ During combustion in oxygen gas^ the oxygen com- 

bines with the burning body, and produces remarka- 
ble changes, not only on the combustible, but also on 
the gas. The combustible, on examination, will be 
found to have sensibly increased in weight, by the 
combination, while the oxygen entirely loses the pow- 
ft er of again supporting combustion, so that if a lignted 
Ji candle be plunged into it, instead of burning with 

splendor as before, it is now instantly extinguished. 
These changes are readily explained by the analysis of 
the body burned, and of the gas. The iron loses its brillian- 
cy, and^ is converted into a dark brittle substance, easily pul- 
Terised in a mortar. This is an oxide of iron, and consists 
of the iron itself united to tne ponderable portion of the ga& 
If the iron is weighed before the combustion, and afterwards, 
it will be found to have increased in weigl^t in the proportion 
of 8 parts to the 28. 



Describe the method of preparing and burning zinc in oxygen gair. What is the eflbcft 
when a candle is blown out, and then instantly plunged into the gas 1 ^ What effect does 
cambufltlon produce on ozygen gas I What change is produced on the 'mm burned in it t 
Why does the oxide of iron weigh more than the metal before it was burned 1 SoppoM 
the iron and oxygen are both accurately weighed before and aAer the experiment what- 
, <m their weights will be produced by the combuaUoDi 



vThe geuB on the e/omknTy loses in weight what is gained by 
the iroivtuid if the yessel in which the experiment is made,' 
be open at the ^lottoin, and stands in a dish of water, the di* 
minution of the gas in rolume will be indicated by the rise of 
the water in the vessel. If the gas and iron are both aceu- 
lately weighed before the experiment and afterwards, the sum 
of their weights will be found precisely the same, proving 
thact(nothing has esca])ed,)and that what has been lost by the 
oxygen has been gainecTby the iron. When other combusti- 
bles are submitted to the action of this gas, though they may* 
entirel]^ change their appearance by the process, or se^n to 
be dissipated and consumed, yet nothing is lost by the bnm<«' 
ing, there being in all such instances merely a change of form. 
Thus, when charcoal or diamond is burned in a confined por* 
tion of this ga8,^nstead of losing as in the former experiment, 
the gas increases in weight, that is, it is converted into[ear' 
bonie acid gas^ by a union between the oxygen of the gas, 
and the carbon of the diamond or charcoal, so that what ia 
lost by the charcoal is gainpd by the gas^ 

In every instance, the gaseous matter which lemains in 
the vessel after combustion, is unfit to support animal life. 
If a bird or any other animal be confined m a lilliited portion 
of atmospheric air, it soon dies, because i|^ destroys the oxy- 
gen the air contains, by converting it into carbonic acid, thu^ 
leaving another portion of the atmosphere called^ nitrogen^ 
both of which are destructive to life,/ (jSfe« Niirogen.y~~ 

If a bird be confined in a portion of oxygen, it will live 
longer than in the same quantity of atmospheric air,!ibecause 
it is the oxygen alone which supports the respiration)} but it 
dies when the oxygen is consumed, or converted into carbonic 
acid. But if any animal be introduced into a portion of air 
after its oxygen has been destroyed, or absorbed by a burn- 
ing body, it dies in a few seconds, unless like the frog it has 
the power of suspending its respiration. . 

Finally, it is proper to remehiber, thai^ animal can live 
in an atmosphere which will not support combustion! 



Is anything lost by comtnutioii? When charcoal is burned in a confined portion 
of oxygen gas, what effect is produced on eachi Into what gas is the oz^en con- 
▼erted by the procesB 1 Will the gas left aAer combustion ever sustain animal life? 
Why win a bird or any other animal aoon die when confined in a limited portion of 
common air 1 Why will an animal five longer in oxygen gas, than in the same 
portion of comm&B air 1 Will an animal live in air which will not rapport cQa»> 
bastion 1 

11 



K3 HYUiiooinr. 

Wdte this &ct more generally known and remembered, 
we sbonld not every year hear of instances where lives are 
lost by descending mto old wells or cisterns. The canse o^ 
such accidents is the presence of carbonic acid, in the bot- 
toms of such cavities ; and were the precaution taken to let 
down 8 burning candle, before the descent of the person, all 
danger might be avoided ; for if the flame is extinguished, 
the air win not support animal life. 

It has been recently reported, that throwing buckets of wa* 
ter into a well, where two persons had fallen down by sufib- 
cation with carbonic acid gas, had been the means of saving 
their lives. {See Carbonic Acid) 

Hydrogen, — 1. 

' The name of this gas as derived, from two Greek words, 
signifying the gerurator of i<7afe7ybecause it enters largely 
ihto the composition of that fluid. 

It was discovered by Mr. Cavendish in >766. Its specific ^ 
cravity is 0.694, air being 1. — 100 cubic inches weigh (5i. 11^^ 
grains, while the same bulk of air weighs 30.5 grains; it is 
therefore abaut/14 times lighter than atmospheric air^ Cov^ 
pared with oxygen, it is just (16 times lighter than that ga£( 
being indeed the lightest of all known ponderable bodies. It 
refiracts light more powerfully than any other body) its re- 
fraction being in the ratio of 6.6, air being 1. Its electricity 
is^sitivel . 

Hydrogen may be obtained by several processes/but in no 
instance without the presence oi w^ter/it Deing(^volved only 
by the decomposition of that fluid./ 

(The most convenient method, is to put fragments of iroa 
or zinc into a proper vessel, and pour on them two parts by 
weight of sulphuric acid, diluted with 5 or 6 parts of wat^ 
The hydrogen will immediately ascend througn the water m 
abimdance. 



WUl air which Ib unfit for reepiraUon support oombuBtionl What pneantlon 
oagfift-Blwiafv i» IM takaii Men apenon fnt' into a wM rt old eiateRiY Wftat \b 
thadMrifatnn of dia woid hjdrogeft? What is ths irHgltt of 100 cubie inclhas of 
tkia gaal What is its iveight when confafed with alrf How mtieh lighter is lif- 
<ftmgBiitfaanoxyBBnt What siii)8tanee is lighter than hydrogen gas 1 What is said 
onaapowwtorefiaactligh^l What is the elsctridal stale o# this gas 1 CanthisgMte 
obttdnedwiftoutthe'piiamoe of water? Why) Whatwthe ta»zasihedofohiaiD(*K 
ihisgasi 
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Kg- 60. Where only naa31 qoMod^m of 

the gas are wanted, the simple apt 
paralua represented at Fig. 50, u 
all thai ia reqaired. It consists of 
- a Florence flask into whichthe zinc 
and acid are put, with a tube lead- 
ing under a bell glass, or large 
i tumbler filled with water, and in- 
verted in a dish of the same floid 
P Zinc for this purpose is better thsK 
iron, and is easUyprepared bymelting;, and while fluid, pour- 
ing it into water. 

The production of the hydrogen depends'bn the decompo- 
sition of the walecJivhich is effected by the united action of 
the metal and acid. ' The metal having an attraction for oxy- 
gen, obtain* it from the w^er; this Ibrms an oxide of tu 
metal which is instantly disBolred by the acid ; the sur&ce o{ 
the metal is thus left clean, and exposed to the water, from 
which it attract* another portion of oxygen, which is dissol- 
ved as before. Meanwhile the hydrogen being thus detached 
from the oxygen, absorbs caloric, ana is erolred in the form 
of hydrogen gosj 

(Hydrogen may also be obtained by passing the vapor of 
wMar through a hot iron tubeJ In this case, the oxygoi of 
the water combines with the iron, while the hydrogen ia Mt 
free. 

Place a gun barrel across a furnace so as to heat it red hot 
Connect to one end ' of the barrel, by means of a tube, a re- 
tort containing water, and placed over an Aigand lamp : and 
to the other end of the barrel fix a tube, leading under aves- 
•el of water, inverted in a water bath. Then make the watcc 
in the letoit boil, so that its steam may pass into the pn bar- 
rel, and hydrogen will be erolved, and will pass uUo dte 
inv«ned vessel 

Hydrogen, when obtained by either of these methods, is not 
<^aite pare, but contains a little sulphur or carbon. For par- 
ticular purposes it may be purified by passing it through a 
solution of pure potash in water. 

In this state hytlrogen is withont coloor, taste, or sm^ It 
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^8, 80 &r as is known, an[ elementary bod;^ haying resisted all 
attempts to resolve it into more simple parts. 

It IS inflammable, but not a supporter of combustion. If a 
lighted candle be introduced into a vessel of this gas, the 
flame is[instantly extinguished,1)ut in passing into the gas^t 
Unflames that portion which is m contact with the atmospher^i 
This shows tnat the combustion of hydrogen requires the aid 
of oi^gen which it absorbs from the atmosphere as a supporter 
^ This experiment may be made by invertingthe vessel con- 
taining the hydrogen in the open air, its levity preventing it 
from escaping downwards. In this state it will be seen to 
burn only on the lowest surface. But if the vessel contain- 
ing it be turned upright, the whole will escape in a volume 
of flame. 

' Hydrogen'is the gas with' which balloons, are charged^ and 
being about' fourteen times lighter than common air, if the 
balloon is large, it ascenda^with great force. The principle 
on which balloons aseend^s the difierence oi specific gravity 
between the balloon as a whole, consisting of hydrogen, and, 
the apparatus containing it, and the same bulk of atmosphe- 
ric ai^ It is the same principle that makes a cork rise through 
watef; or a leaden bullet through quicksilver. 

The principle of balloons may be illustrated thus. Fill a 
bladder, or a gas bag, furnished with a stop-cock, with hy- 
drogen gas ; attach to the stop-cock a tobacco pipe, or what 
is better, one of metal. Then dip the bowl of the pipe into a 
solution of soap^ and form bubbles by pressing the bladder. 
These bubbles being detached from the pipe, will rise rapidly 
through the air. 

When hydrogen is mixed with oxygen and inflamed, the 
mixture detonates violently. The best proportions aire two 
parts of the hydrogen and one of oxygen by volume^f soap 
bubbles of this mixture are touched with a candle wEen float- 
ing in the air, they give a report as loud as a pistol, but much 
more sharp and stunning. 

A loud report is also given when the hydrogen is mixed 



* When a lighted candk is ptnniBd into Uiis gai^dowfe oooUmie to tan, or ta 
golAadl Aatha candle piwai into the g», what part of it togatoii flrel Howfe-thle 
•iqieriniont belt made 1 WhjdoeethehTdrogenbamanlXQntheMiriMel With what 
gaa an baUoons filled t ' On whaf principle do baDoone aacend 1 How may the principla 
of balloona be Ulustratedl Whi^t ia the conaaquenea of firing a miztiin orhydRVeB and 
JtKfgm f What propoctiooa of aach make the loudeat report t 




^th common air, instead of oxygen. The best proportions 
are aboutfthree of the air to one of the hydrogen^ 
Itg.5l. ^his experiment may be varied by means of the 
hydrogen gun, Fig. 51. It consists of a tin vessel, 
holding about a pint, the lower end being closed, ^and 
the upper end len open and fitted with a cork, a small 
j orifice being made toward the lower end, as seen in 
[the figure. 

Having filled thi'vessel about one third with water, 
'close the small orifice with the thumb, and let in hy- 
drogen until the water is displaced. Thi^the vessel 
will contain three parts of air, and one (ffiiydrogen. 
The cork being put rather loosely in its place, the mixture 
is fired by raising the thumb, and applying a lighted taper to 
the orifice. The cork will be driven out with violence, at- 
tended with a loud report 

When a jet of hydrogen is burned at the end of a tube 
with a fine bore, and wi& a large tube of glass, porcelain, or 
metal, musical tones are produce^ which are grave or acute 
in proportion to the size or kind of tube employed. 
Fig,^2. This pleasing experiment may be performed by 
placing the materials for making hydrogen, in a 
convenient vessel, furnished with a tube, as in Fig. 
^^gizi-j^ 52. Or the tube may be connected with a reser- 
""'^^T ^ voir of gas already collected. The manner of hold- 
' ing the large tube to produce the musical tones is 
shown in tke figure. 

(Hydrogen cannot be breathed without deleterious 
effects, though it is not immediately &tal to animal 
life.) 

The action of platinum sponge on hydrogen is 
singular, and higw curious. (When a jet of this 

gas is directed onWfew grains of the sponge, both 

being cold, and in the open air, the latter immediately be- 
comes hot, and in a moment (lews with a red heat, setting 
fire to the hydrogen^ 

Platinum sponge (is prepared by dissolving the metal in 



What an the best proportions fat mixing hjdxQgen and air for the nme pnrposel 
Ooocribe the method of nring the hydrogen gun, Fig. 61. Bow are mnaloal tonei p«a* 
dnoed hjr the tnuning of hydrogenl Explain Fig. 6S. la hydrageo a fespirable gwt 
What eflbcta does it produce when breathed 1 What phenomenaare produced whan hy- 
dngeoiatfarownlnaaireamvpaBplatiaaapoQgat Havkptatina^pomapc^paradl 
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niiriHiimria4ie aicid, that is, a mixture of one peai oi mlfie tar 2 
parts of muriatic aci^ Ammonia, or muriate of ammonia, i| 
added to this solution, which produces a yellow precvpi(iEite« 
When this precipitate is exposed to a red heat in a crucihle. 
the acids and ammonia are driven ofil and there remains ptrre 
platinum, in the form of a delicate spongy mass. Another 
method of ohtaining the sponge, is to throw the yellow pre* 
cipitate on filtering paper, and when the liquid has passed 
through, to dry the paper, and inffoduce it, with the adhering 
precipitate, into the crucible. 

Tnis cu|u>us efiect of the action between platina sponge 

and hydi^^^» was discovered by Professor Dobereiner, of 

JeaoA, who invented the following method of producing an 

mstontaneous light by its means. 

:« Fig. 52. The two vessels, a and &, Fig. 

53, are of glass ; a is prolong- 
ed in the form of a tube, and 
is fkted to the mouth of ^ by 
grinding, or cement, so as to 
be air tight. The lower part 
c—p ji of a reaches nearly to the hot- 
C f [ jtom of b^ and is encompassed 
with a strip of zinc. Sulphuric 
acid, diluted with five or six 
|arts of water, beii^g placed 
m 6, a is fixed in its place, as 
seen in the figure. Hydrogen 
is evolved by the action of the 
acid on the zinc, and pressing 
upon the fluid, (which must 
fill only about one half of b,) 
drives it up the tube into a, T^^stopper of a, is conical, and 
rises to let the air from that vdPtl escape. When so much 
gas has been evolved as to press most of the acid up into a, 
and consequently to remove it from the zinc, the chemical 
process will cease, leaving b nearly filled with hydrogen. 
The brass tube i, is cemented to the neck e, and furnished 
with a stop-cock. The box e, contains the platina sponge at 
the end of the tube. 

When a light is wanted, nothing more is necessary than to 




Explain Vig. 63, and fhow how hydrogen ia produced, and in what manner U ia thrown 
upon the sponge. MHijrdoea not the acid conatantly^a upon the sine 1 
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open the stop eoek d, and let a jet of the gas blow upon the 
sponge, which becoming immediately red hot, a, match, and 
tAen a candle may be lighted. By permitting the hydrogea 
to escape, the acia again comes in contact with the zme, and 
thus anodier poition of the gas is formed, and retained until 
WBnted. 



i 



Protoxide of Hydrogen 9. 

* 

1 p. Oxygen 8+1 p. Hydrogen I. 
Water, 



It is only necessary to remark in respect to the abore ab* 
brettations, that the ntunber for water, as already enlained, is 
9, being composed of 1 proportion of oxygen 8, and 1 propor- 
tion of hydrogen 1. The same methoa being obseryed with 
respect to the other substances to be described, the student 
has only to notice the numbers affixed to the names of each 
substance, and he at once becomes (acquainted with the pro- 
portions and composition of each compound, and the number 
oy which the compound itself is represented^ This method, 
it is thought will not only be found highly convenient, but 
will also greatly facilitate the acquirement of a proper know- 
ledge of chemical equivalents, a subject, as formerly remark- 
ed, of great importance to the student in the present state of 
the science. 

V It has been stated that water, by analysis, is composed of 
v9ro parts of hydrogen, and one of oxygei^ by volume, and 1 
part hydrogen, and 8 oxygen by weight 

Having described the properties of these two gases sepa* 
rately, it now remains to demonstrate by synthesis, that is, by 
the combination of these gases, that water is the product. 

It may be seen by a very simple experiment, that when 
hydrogen is burned, water is formed. 



W^en one portion of the gius escapes, in what manner is another portico genemted t 
What ie signified by the numbers affixed to water, oxygen and hydrogen 1 With what 
does the student become acquainted by obsenring the numbers affixed to names of tfas 
clementfl^ and (^ their compounds'? 'Bj analysis what is the composition of water, hy 
wislght and measure 1 By what slmplfi esq^eriment may be shown that when hydrogen 
iatmmed, water is formed? 
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Fig. 54. Fill with hychrogen a blad- 
der, fiurnishea widi a stop- 
cock, and small tabe. In- 
flame the hydrogen at the 
end of the tube, and intro- 
duce the flame into a dry 
glass globe with two open- 
ings, as represented at Fig. 
54. As the gas burns, the rarefied and vitiated air will poi^ 
08*81 one of the openings, while the other adnuts fresh air to 
support the combustion. In a few minutes the inside of the 
globe will be covered with moisture, and by continuing' the 
experiment, water will run down its sides, which may be 
tasted or otherwise examined. The same experimyent may 
be made with a large glass tube instead of a globe. In this 
experiment, it is supposed that the combustion of the hydro- 
gen is supported by the oxygen of the atmosphere, and there- 
fore nothing can be known of the proportions in which they 
unite. Nor would it be absolutely certain by this experiment 
that it was the oxygen of the atmosphere which combined 
with the hydrogen, and supported its combustion. 

NPut when the two gases are confined, each in a separate 
gasometer, and burned together in an exhausted vessel, the 
resuh will not only demonstrate to the senses that water is the 
product, but will also show the exact proportions of each ele- 
ment by weight and measure^ 

For this purpose two graduated gasometers contain the two 

gases, each being furnished with a tube, leading to the glass 

globe, Fig. 55. Before the experiment begins, this globe is 

^ connected with an air pump by the screw 

S c^ aud completely exhausted of air, and 

^.yx^ ^®^ accurately weighed. It is then 

^ I y. connected with the two gasometers which 

/I \ contain the gases b^ the pipes d and e. 

\ \ J When every thing is thus prepared, the 

V^M >^ stop-cock £{ 18 opened, and a small stream 

- ^^^ir ^ _of hydrogen let in, which is instanUy in- 

« i, flamed by an electrical roark from the 

conductor a^ this being'of course connected with an electrical 

b it daohitoly oeitain bj difai ezperimeot, that It it the ozTfni of the atmoepheit 
which vaiieewhii the hj^ivan to fomiraterl How maj it be demooeizBted that tbB 
eombuition of hTdvosen and ozygen form water 1 Deoeriba die appoiatua repnaeiited 
1^ Fig. 6^ and explain how tfaa two gaaea an braogfat together, aikl him iBflamB^ 



machine. The oxygm is then admitted, by taming the stop- 
cock, e, and thus the combunion of the hydrogen is auppoiteo. 

At the end of the process, the graduated gasometers show 
exactly the volume of each gaa consumed, and as the weight 
of 100 cubic inches of these gases are known, it is easy to 
compute the weight of the volumes consumed, and by weigh- 
ing the globe to compare it with the weight of water produced. 

By such experiments made with every attention Iq accura- 
cy, together with thai before described, of weighing the gases 
by means of exliausted vessels, Fig. 45, it is proved, that 
hydrogen and oiyeen unite in the proportions of two of the 
first, to one of the last, by volume; and in the proportions of 
I and 8, by weight ; that the sole product of the combustion 
of the two gases is water, and that the weight of the water 
is juat equal to the combined weights of the two gases. In 
this manner has the constitution of water been demonstrated 
beyond all doubt or controversy. 

CompouTtd Blowpipe. When hydrogen and oxygen are 
burned together, in the proportions in which they form water, 
a mosViutense heat is produced.) The compound blowpipe, 
the instrument hy means of which the combustion of the two 
gases is regulated for this purpose, was invented by Professor 
Hare, of Philadelphia, in 1301. The apparatus consists of two 
pipes, which conveylhegasesfromtwo gas-holders, to another 
>nort pipe, at the end of which their combustion lakes place 
Flff. 56. The P ' ' " ' * 

-,^mf. j^"^ pound bit 
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'I'besB Bt 
convenience of confining the 
gaa in the gas-holders, when 
die blowpipe is not in use, and 



Aitbaaod of tha pnu^ how la K iMaliUDHl whu pnpertkn of neh (u bw Yam 
umuned, ud bmrmneh mm fantadl Wluil tw bnan proTed li; iiiwh axptrlmaiia 
\a miMt to Uk quiuiUH ud pnponimi of ibo gMH eowmwl, and qnntl? ot 
Knaadl Wlm li Kid (^ iba Idkhb tatu [mdiiHd b; ib " ' 
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fbr other purposes connected with the pnernn^tic cistern. 
The two tipper stop-cocks are designed to repfulate the qaan- 
tity of gas from each pipe, so as to produce the greatest heat^ ^ 
nnd also to stop it entirely while making experiments. 

The gas-holderf\*<i and b, are two boxes of painted tin, open 
at the bottom, and siade to fit a cistern of wood, about fire 
feet long, containing water. These boxes are fixed in their 
places, at each end of the cistern, by buttons, so that they can- 
not rise when filled with gas. They may be two and a hal^ 
or three feet deep, and two feet wide, or of any other size, 
according to the extent of the experiments proposed. The 
cistern must be several inches deeper than the boxes, so that 
the water will rise above them. 

The two pipes convey the two gases separately to the point 
e, where they are soldered together, and on their united points 
is screwed a platina or silver tip, havinof a single orifice, at 
the end of which their combustion is efiected If the tip is 
of silver, it should be large, and care taken not to include it 
in the cavity of the charcoal support, while making experi- 
ments, otherwise it will be melted. 

Having such an apparatus ready, the gas-holders are put 
in their places, (the blo^\'pipe being removed, until every 
thing is prepared for experiment,) and water is poured into 
the cistern, the stop-cocks being open for the escape of the air. 
When the cistern and boxes are rail of water, the stop^socks 
are closed, the blowpipe screwed on, and the two gases are 
conveyed under the boxes by tubes, coming from the vessels 
where th%^ses are evolved. One of the boxes being filled 
with hydrogen and the other with oxygen, the blowpipe is set 
in action by turning the stop-cock connected with the hydro- 
gen« md setting the gas on fire as it issues from the tip. The 
oxyg3*^is then admitted, when the fiame of the hydrogen 
will becomaril^^ss, being reduced to a small blue fiame, wmch 
gives little light, and to the eye appears insignificant, and 



MgnlMed Ibrthispurponf Bxplaiii Hg. 6C, and diow the um of Um two tiilMi^ tlit 
■top-codcB, and the jdatina tip, ftc In filling the cistern, whj an the atoi>«ocka left 
openi What is eald of the aroalloeH of the fiame, and the intenadj heating power of 
Ibiablowpqwi 



VttOFMtms OF WATBft. tt 1 

%)lBlfy incapable of the calorific eSecta attributed to thitcele- 
•bttted machine. But the student who had never witnessed 
its powers, will be struck with astonishment, whien he finds 
tiiat a piece of iron» or copper wire^ held in this little flame, 
burns with nearly the same &cility, that a cotton thread con* 
sumesina candle; and that a piece of tobacco pipe not larger 
than a kernel of com, will give a light, from which he will 
instantly be forced to cover his 63^. 

The compound blowpipe melts the most refractory subatan- 
ces, and even dissipates in vapor those which are iofnsible by 
the best furnaces. No means hitherto discovered, with the 
exception of the galvanic battery, produce calorific efibcts so 
intense as this blowpipe. 

Fig. 57. The pneumatic ci atuui 

above described is represent- 
ed at Fig. 57, with thebbw^- 
pipe in its place. For schools 
or private experiments, per* 
haps this is as cheap and 
convenient a form as can be 
constructed; since it servee 
-the purpose of gasometers ibr 
the blowpipe, and a cistern for exp^iments on all the gases 
where a water bath is employed. It is believed, ailer having 
iiad occasion to direct the construction of several cisterns for 
the above named nurposes, that the following dimensioBS are 
sufficient. Lengui of the cistern, 5^ feet ; depth, 2i or S 
feet; width, 2 feet; gas-holdera or boxes, 2 feet square. The 
cistern to be made of pine boards, and well painted on both 
sides before it is used. The frame and legs on which it stands, 
must be separate from the cistern, about 18 inches high, and 
furnished with rollers. Such an apparatus, inaludmg the 
blowpipe and boxes, costs about 14 dollars. 

Properties of Water, 

It is unnecessary to describe the common properties of a 
fluid which is so universally known, that neither man nor 
animal can exist without it. The purest water not having un- 
dergone distillation, i^diat whicn £dls from the clouds.V-It 
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bthenanyiiMazwof piodaeiiigainon inteoM heat than that produced by tbe eom- 
pound Uowpipel EzplamFig. 57. What water is puiwt without dietillationi 
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k tnuMparent, and witlnnft either taste or smell; and being 
perfectly bland and neutral, it i^to all animals, whose tastes 
hare net been vitiated, the most agreeable of drinks^ 

The weight of water, as already shown, is the standard by 
which the weight or gravities of all solids and liquids are e9> 
timated. The weight of a cubic foot of pure water is \000 
avoirdupois ounce^ A cubic inch of this fluid weighs, at the 
temperature of 60^, 252.52 grains, and consists of 28.00 
grains of hydrogen, and 224.46 grains of oxygen. By divi* 
dmg 224.46 by 28.06, it may be seen how nearly these gases 
unite in the proportions of 1 and 8 to form water. The weight 
of water, when compared with that of air,^8a3-828t^nr)The 
effect of temperature upon liquid water is distinguished by a 
peeoliarity of a very striking kind, and exhibits a departure 
nrom the general kiws of nature, for a purpose so obviously 
wise and beneficent, as to afford one of the strongest and mott 
impressive of those endless proofii of design and omniscience 
in the frame of creation, which it is the most exalted plea- 
sure of the chemist, no less than of the naturalist, to trace 
and admire. " All liquids, except water, contract in volume^ 
as they cool down to their points of congelation ; but the 
point of the greatest density m water is about'^^^O^ its freez- 
mg point being 32^.*' As its temperature deviates from this 
point, either upwards or downwards, its density diminishes ; 
or in other words, its volume increases. This peculiar law 
is of much greater importance in the economy of nature than 
might at first be supposed. The cold air which rushes from 
the polar regions progressively abstracts the heat from the 
great natural basins of water, or lakes, till the whole mass 
is reduced to 40° ; but at this point, by a wise Providence, 
the influence of the atmosphere no longer has this effect ; for 
the superficial stratum, by farther cooling, becomes specifi- 
cally lighter, and instead of sinking to the bottom, as before, 
and displacing the warmer water, it now remains at the sur- 
&ce, becomes converted into a cake of ice, and thus preserves 
the water under it from the influence of farther cold. 



tV> what animals is water the most agreeable of all drinksl Whai is the weight of A 
cobic foot of pure water 1 What is the weight of a cubic inch of water 1 How may it 
be proved that the weights of hydrogen and oxygen in water are4n the proportioDS of 1 
to8t What is the weight of water when compared to that of air 1 At what tempeiBp 
tare is water at its greatest density 1 . When water is above or below the temperatore of 
40 degrees, how is its bullc afltetedl In what respect is the expanrion of wator In 
ficedng, of great conpequence to manf 
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U, fike mercQTy, water continued to increase in densitjr to 
its freezing point, the cold air would continue to rob the mass 
of water of its heat, until the whole sunk to 32^, when it 
would immediately congpeal into a solid mass of ice to the bot- 
tom, and thus every living animal it contained would perish. 
In the northern or southern temperate zones, such masses of 
ice would never again be liquefied ; a striking proof of the 
beneficence and design of the Creator in forming water with 
such an exception to the ordinary laws of nature. 

Water, in its natural state, always contains a quantity of 
air. This may be shown by placing it under the receiver of 
an air pump, ror as the air is removed from the receiver, bub- 
bl Awill be seen to rise from the water. The air in water is 
fooR to contain a larger proportion of oxygen than the com- 
mon air of the atmosphera The lives of all such fishes as 
live entirely under the water, depend on the quantity of oxy- 
gen it contains, for no animal can Uve and move where oxy- 
gen does not exist 

Deuioxide of Hydrogen. — 17. 

2 p. Oxygen 16+1 p. Hydrogen, 1. 

Oxygenized Water. 

Water, in the scientific language of chemistry^ is the prot" 
oxide of hydrogen^ being composed of hydrogen, with one 
proportion of oxygen. (See Nomenclature,) It was supposed 
that hydrogen was incapable of a farther degree of oxygen- 
ation, until 1818, when Thenard, a French chemist, showed 
that by a certain intricate process, hydrogen could be made 
to combine with another dose of oxygen, and thus a new 
compound was formed, called deutoxide of hydrogen. 

This compound is formed in precise accordance to the law 
of definite and multiple proportions, and* consists of 2 propor- 
tions of oxygen and 1 of hydrogen, as stated at the head of 
this section. It is a highly curious and interesting compound. 
In some of its properties, it exactly resembles water, being 
inodorous and colourless ; but in others, it is remarkably differ- 
ent. It is corrosive to the skin, which it turns white, and to 



ft water, like mercary, had its density increaaed by cold to 32 degrms, what wmdd ba 
the consequence, on lairge bodies of this fluid 1 What is said of the beneficence and de- 
rign of forming water with this exception to the ordinary laws of nature 1 How is it 
diown that water always contains air 1 How does the air in water differ from commoa 
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tbe tOBgae it is sharp ax^ Uting, and ieay^ a pecidiar me- 
tallic taste in the mouth. 

At the temperature of 58°, it is decomposed, o^gen gas 
bdng evolved in abundance. It is therefore necessary, in 
the summer season, to keep it surrounded with ice. It is also 
decomposed and turned into common water by nearly all the 
metals, and most rapidly by those which have the strongest 
attraction for oxygen. Some of the metallic oxides produce 
the same effect, without passing into a higher degree of oxi- 
dation, a fiict which has not been satisfactorily explained. 
The m^als, silver and platinum, in a state of fine division, 
decompose this water, when thrown into it, with such energy 
as to produce explosions. The same effect is produc^by 
the oxides of silver, gold, mercury, manganese, and sJ9>^ 



other metals. 



Nitrogen. — 14. 



This gas was formerly called azote, which signifies life 
destroyer, because no animal can live when confined in it. 
But the same epithet might be applied to several other gases, 
with equal propriety; and therefore, being the basis of nitric 
acid, it is more properly called nitrogen. - As the atmospliere 
is composed of fourfifths of nitrogen, this gas may be obtained 
by placing a mixture of iron filings and sulphur, a little 
moistened, in a confined portion of air, as under a bell glass, 
over water. The mixture will absorb the oxygen from the 
air, and leave the nitrogen nearly pure. It may also be ob- 
tained by burning a piece of phosphorus in a vessel of air, 
inverted over water. The phosphorus forms phosphoric acid 
with the oxygen of the air, which acid is absorbed by the 
water, thus leaving* the nitrogen remaining in the vessel. 

Nitrogen is transparent, and without taste or smell, like 
common air. It is arranged as a simple body, though there 
are reasons for believing that it is a compound. 

It is destructive to animal life, and is a non-supporter of 
combustion. A lighted candle plunged into it, is instantly 
extinguished, and any animal soon dies when confined in it 



At what temperature is this compound decomposed 1 Why do the metals decompoas 
this kind of water ; and what do they absorb from it 1 What was the former name of 
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Tet it esBTts no injuriotis influenog on th6 lungs, die prita- 
tion of oxygen being- the sole cause of death. 

Its speciBc gravity is a little less than that of atmospheric 
air,, nitrofi^en being 0.9722, air being 1000. One hundred 
cubic incnes weigh 29.7 grains. 

When combined with oxygen in certain proportions, it 
forms nitric acid. Nitrogen exists in all animal substances, 
and in such plants, as putrefy with an animal odour, as cab> 
tuge and mushrooms. * 

y The Atmosphere, 

\Ji!h.e air which we breathe is composed of 20 parts of oxy- 
gen, and 80 parts of nitrogen, to every 100 by volume! 

These proportions are found \pever to vary, except firom 
local causes.^ G^y Lussac, in an aerial voyage, carried with 
him an exhausted bottle, closely corked, and when at the 
height of nearly 22,000 feet from the earth, he uncorked his 
bottle, and let m the air. It was then closely corked agam, 
and brought to the earth. On examination, this air was 
found to contain precisely the same proportions of the two 
elements as that taken from the surface of the earth. Speci- 
mens of air have also been brought from Chimborazo, Mount 
Blanc, from the deserts of Africa, and firom the midst of the 
oceans, and on analysis, they have all been found to contain 
the same proportions of the two gases. 

These proportions are found by experiment to form the 
most agreeable air for respiration, and to be best fitted for 
the support of animal life. (Animals confined in air, contain- 
ing more than the ordinary proportion of oxygen, have their 
respiration hurried, and become feverish, by over excitement ; 
while thosoyconfined to air which contains a less proportion 
of that gaSjfbecome languid and faint), from the want of its 
stimulating effects. 

Besides these two gases, the atmosphere contains variable 
{portions of carbonic acid gas, and aqueous vapor.. The car- 

In what xnahner does nitrogen destrof lifbY Is the speciflc grarity of nttngen 
graatar, or !•«, than that of atiiioq)her{c air 1 With what anhmnca doae nitrogan 
liami nilricaeld? la what yagataUaa is thia gaa finiodl What ia the ottnpoaltlDii 
of atmoapheric air ? Wliat ia aaid of the eonataiicx of thaae prpfMHrtioDB % Vtnm 
what parte of the world tiare epecimeDB of air been anal yaed, and found to eontafai tba. 
nme proportiona of the two gaaea 1 What ia the eflea of a greater proportion of oo^* 
gen than common air containa on the animal sjratemi What ia the aflbct of • liai pvo* 
portion on the ayalaml Does the atmoaphara contain other gaaea haiidw oxypB wi 
nitrogen 1 
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bonic acid seems always t* be present, since SanasaTe foufid 
it in the air of Mount 6lanc, taken from the height of 16,000 
feet above the level of the sea. Its proportion never exceeds 
one part in a 100, in freely circulatmg air ; and it generally 
amounts to only 1.1000th or 1.2000th part of the whole. The 
proportion of aqueous vapor is also exceedingly variable, but 
seldom exceeds 1 part in 100. 

The air of particular situations, is also found to contain 
small quantities o£^carburetted hydrogen, or inflammable gas, 
and of ammonia^' Wt these are not constant. * 

It has been a question among chemists, whether the two 
gases composing the atmosphere are simply in a state of mix- 
ture, or whether they exist in a state of chemical combina- 
tion. Mixture has commonly been distinguished from com- 
bination, by the spontaneous separation of the ingredients of 
the former. But, although oxygen is specifically heavier 
dian nitrogen, no such instance has been found to occur. 

Air, confined in a long. tube standing vertically for many \ 
months, was found to contain the usual proportion of oxygen 
in its upper part. The ptoportions of its constituents are 
also definite^ like those of energetic combinations. By 
weight, there are two proportions of nitrogen 28, with 1 of 
oxygen &. And by volume 4 parts of the first, 80. to one of 
the latter, 20, in the 100. thus making the simple proportions 
of 4 to 1. 

It has, however, been found that other gases of different 
specific gravities mix with entire uniformity where it is known 
tnat no chemical union exists between them. Thus, if one ves- 
sel be filled with carbonic acid gas. and another with hydro- 
gen gas, the latter being placed over the former, with a tube 
communicating between them, the two. gases will mix with per- 
fect uniformity in 9. few hours. In this instance, a part of the 
carbonic acid, though 22 times as heavy as the hydrogen, is 
found to have ascended into the upper vessel, while a part of 
the hydrogen, though 22 times lighter than the acid ga^, de- 
scends into the lower one. The cause of such an intimate 
mixture, under such circumstances, and without the influence 
»fc— ^i^^ — -.— ^^~ I ■ ■ 1 ji^^— — ^^— ^— .-^— ^»^ 

Whit^her gas is always found in dw air 1 VHrnt gases are occasionally foand. their 
pMsenoe depoiding on local circumstances 1 What reasons are there to beUeva that air 
li a chemical compound 1 What singular fact is mentioned in respect to the mixture of 
eartxmic acid and hydrogen, through a tube T What does this fact show with respect to 
die uniform mixture erf* the elements of the atmosphere without a chemical unicm 1 What 
Joes tlw focility with which oxygen is alxaractad from the atmosphere tend to show la 
meet to this chomica. anknt 
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of chemical attraction, has not heen explained. But the &Gt 
is sufficient to show,/Cat the uniform mixture of the consti* 
taents of the atmospnere may he accounted for, without a 
chemical union J The facility, also, with which oxygen is 
abstracted froitr^e atmospher6>is against a chemical umonJ 
Thus, rain water contains a considerable portion of oxygen,- 
besides a portion of atmospheric air. But the attraction of 
water for oxygen, is not supposed sufficient to overcome a 
chemical combination, and therefore did such a combination 
exist in the atmosphere, oxygen would not be found in water 
under such circumstances. 

On the whole, it is most probable, that the constituents of 
the atmosphere existiln a state of mixture,/and not in a state 
of chemical imion. ' 

The oxygen of the atmosphere being the principle which 
supports life, and flame, it is obvious that large quantities of 
this gas must be consumed every day, and therefore that its 
qujantity must diminish, unless there exists some source from 
which it is replaced. The quantity consumed, however,, 
must be exceedingly small, in a deflnite period of time, when 
compared with the whole ; for the atmosphere not only en- 
tirely surrounds the earth, but extends above it, at every point, 
about 45 miles. Now, when we consider how small a pro- 
portion of this immense mass, comes into contact with ani 
mals or fires at any one time, and that it is only these small 
portions that become vitiated, we may suppose that ages 
would elapse before any difierence could be detected in the 
quantity of oxygen, even were there no means of replenish- 
ment provided. 

But the wisdom and design of Deity which the study <rf 
nature every where detects, md which as constantly seems 
ordained for the benefit and comfort of man, has not left so 
important a principle as that of vital air to be consumed, with* 
out a source of regeneration. . 

It appears from experiments, that vegetation is the source 
from which the atmosphere is^eplenished with oxygen, and 
80 far as is known, this is the only source. Growing plants, 
during the day/ absorb carbonic acid from the atmosphere, 



On the whole, is it most probable that the demeots of the atmosphere exist in a Mta 
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decbmpose the gas, emit the oxygen of which it is in part 
composed, and retain the carbon to increase their growth^ — 
(See Vegetation.) J 

We have seen, under the article Oxygen, that when wood 
or carbon is burned, that oxygen is thereby converted into 
carbonic acid ga?, and a greater or less proportion of this gas 
Contained in the atmosphere may be attributed to this source. 
Here, then, we are able to trace another instance of the woii- 
derfiil order and design of Omnipotence. The destruction 
of plants by burning, while the process absorbs the oxygen 
from the air, furnishes carbonic acid, which in its turn, is de- 
composed by growing vegetables, the carbon being again 
converted into wood, while the oxygen jgfoes to replenish the 
loss created by the burning, and to puri^ the atmosphere for 
the use of man. 

* NITROGEN AND OXTOBN. 

In addition to the reasons formerly assigned for supposing 
the atmosphere not to be a chemical compoimd, may be a£ 
duced the fact, that most other combinations of nitrogen and 
oxygen produce corrosive or noxious substances. 

Five such compounds are known to chemists, and they all 
aidmirably illustrate the changes produced by chemical ccmi- 
binations, as already noticed under the article Affinity, They 
also confirm the truth of the doctrine of multiple proportions, 
having been adduced, as illustrations of this principle, under 
the same article. Some of the most material properties of 
each of these compounds will be stated, beginmng with that 
containing the least proportion of oxygen, and ending with 
that containing the most. 

Protoxide of Nitrogen. — 22. 

I p. Nitrogen 14X1 p. Oxygen 8. 

■Nitrous Oxide^ 



.y 



The best method of obtaining this gas is by' fusing a salt 
called ni^ra^e of ammonia, / This salt may readily be' jformed 
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V ^mixing carbonate of ammonia with nitric acid (apa foitis) 
diluted with four or five parts of water, and then evapora* 
ting" the solution by a gentle heat^ The ammonia should be 
added in small lumps until the efieryescence ceases ; and the 
evaporation continued until a drop of it, placed on glass, con- 
cretes. 

Having prepared the salt, the nitrous oxide or exhilarating 
g^ may be procured from it, and its effects by respiration 
tried by the following simple means, when no better appara- 
tus can be obtained. 

Prepare a Florence flask, as shown at Fig. 36, and into 
this put four or five ounces of the nitrate of ammonia. For 
a gas holder, fit to a large stoneware jug a cork pierced with 
two apertures with a burning iron; into one of the apertures 
pass a tube of glass or tin, so that it shall reach nearly to the 
bottom when the cork is in its place, and stop the other ori- 
fice with a cork. 

For a pneumatic cistern, take a common wash tub, and fit 
to it a strip of board passing through the middle, abd about 
four inches from the top, so that when the tub is filled with 
water, the board will be covered. Through the board cut a 
hole to receive the neck of the jug, so that it will stand in- 
verted. 

Having prepared things in this manner, fill the jug with 
water, and mvert it in the tub, also previously filled with wa- 
ter. Then bend the tube belonging, to the flask, so that it will 
enter the mouth of the jug, while the flask itself stands on a 
ring of the lamp furnace, and apply a gentle heat. 

If no lamp furnace is at hand, the flask may be suspended 
by a wire or string, and heated by a common lamp, or a few 
coals. The salt will soon melt and become fluid and trans- 
parent, when the gas will be extricated in abundance. When 
the jug is nearly full, which will appear by the sound of the 
bubbles, slip the hand under its mouth, and having set it up- 
right, immediately put the cork with the tube through it, m 
its place. As the nitrous oxide sometimes contains a mix- 
ture of nitric oxide, or deutoxide of nitrogen, which is danger- 
ous to respire, but which is absorbed by water, it is safest 
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before ite gas is respired to let it staad an hour or two, with 
die water resnaining in the jug. 

To respire the gas, prepare a bladder, or oiled silk bag, by 
attaching to it a tube which fits closely to the second aper- 
ture in the large cork, and having squeezed all the air out of 
the bladder, or bag, remove the small cork and pass in the 
tube. 

Next pour such a quantity of water into the jug thtough 
the long tube as it is desired to obtain gas in the bag. Now 
the gas cannot escape through the long tube, because its 
lower end is in the water, nor can it escape through the mouth 
of the jug, this being closed by the cork ; it therefore passes 
into the bag. When this is full, withdraw the tube from the 
jug, and having expired, or thrown the air from the lungs, 
close the nose with one hand, and with the other apply the 
tube to the lips and breathe the gas from the bag into the 
lungs, and from the lungs to the bag. SirJH. Davy j^gpired 
12 quarts, but the medium dose is fromf^ to 6 quaiTsifor an 
adult. '^ 

rthi some persons this gas has a highly exhilarating or in- 
toxicating enect, and produces the most agreeable sensations, 
oflen attended by momentary mental hallucinations, and cor- 
responding actions. On others it produces mental depression, 
and melaneholy forebodinggj) Its action commonly continues 
only for a few moment^'and its effects seldom or never pro- 
duce a state of langi^r or debility, which might be expected 
to follow such a degree of excitement. 

( The composition of the protoxide of nitrogen by volume, 
is nitrogen 100, and oxygen 50y 100 cubic inches of this 
gas weighsj46.5 grains, and its specific gravity is therefore 
1.5, air being 1^ It is transparent, and colorless, has a sweet- 
ish taste, and an agreeable aromatic smell. . It is a supporter 
of combustion, and many substances bum in it with fer 
greater energy than in atmospheric air. The burning body 
absorbs the oxygen from the nitrous oxide and thus the nitro- 
gen remains in the vessel. 
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Deuioxide of Nitrogen. — 30. 
1 p. Nitrogen 14+2 p. Oxygen 16. . 
Nitric Oxide. Niirous Gas. ' / "^ 

Deutoxide of nitrogen, as expressed above, and as its name 
jignifies,(contain9 two proportions of oxygen to one of njtro: 
genJ It was formerly c&uedCnitric oxide, and nitrous gas^ 
but analysis having shown its composition, its name is fixed in 
accordance. This gas is formed by the action of nitric acid 
on copper, paving introduced some copper turnings or 
filings into a retort, pour on them a quantity of strong nitric 
acid or aqua fortis. A violent effervescence will ensue, and 
the gas will escape in abundance^ At first it will appear of 
a deep red colour, whichf is owing to the presence of atmos- 
pheric air in the retort) but on passing it through water the 
red fumes are absorbeH^ and the nitrous gas remains pure and 
colorless. 

To understand the chemical changes by which this gas is 
formed, it is necessary to state that nitric acid is composed of 
40 parts of oxygen and 14 parts of nitrogen, and that this 
acid is decomposed by the process. /A part of the oxygen of 
the acid unites with the copper, and forms an oxide of the 
metal, while another part of the oxygen continues in union 
with the nitrogen, forming a deutoxide of nitrogen, which, as 
already seen, contains «nly 16 parts of oxygen. ; The gaseous 
form of the deutoxide? is owing to the absorption of a quantity 
of caloric at the instant of its formation. ) The evolution of 
this gas is therefore owingV^ the abstraction of a part of the 
oxygen from nitrip acid, by^he copper. Other metals, and 
particularly quicksilver, vdll- produce the same effect. 

Nitrous gas, when pure, is sparinglj'' absorbed by water. 
It is a little heavier than atmospheric air, 100 cubic inches 
weighing(31.7 grains, Vhile the same quantity of air weighs 
30.5 grains, jit cannot be respired, even in small quantity, 
without a sense of suffocation, and violent coughing. It in- 
stantly extinguishes the flame of most substances. '* when 
plunged into it, but if charcoal, or phosphorus, in sfstate of 
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livid combustion, be iAimersed in it, its oxygen is absorbed 
and they burn with increased energy. ^ 

When mixed with atmospheric air, red fiunes are genera- 
ted, as already noticed. This is owing to the union of the 
oxygen of the atmosphere with the nitrous gas. When pure 
oxygen is added to a portion of this^gas, the red becomes still 
deeper and there is formed^nitrous acid,j which is entirely a];H 
sorbedoy water. Thus these two gases, nitrous gas and oxy- 
gen, are a delicate test for each other, the smallest quantity of 
uie one being detected by introducing a quantity of the omer. 

From the property of the nitrous gas above stated, it has 
been employed in Eudiometry, that is, to. ascertain the purity 
of the atmosphere, or the quantity of oxygen it contains. 

fThe method by which this is done, is to confine a certain 
portion of air in a graduated tube, and then to introduce into 
the tube, a sufficient quantity of the gas to unite with all the 
oxygen it contains. Then as the compound formed between 
the oxygen and the nitrous gas is entirely absorbed by water, 
it is readily seen by the graduated tube what proportion of 
air has disappeared, after agitating the mixture with water, 
and consequently how much oxygen it contained. 

The composition of deutoxide of nitrogen -ihas been accu- 
rately ascertained I by burning charcoal in iu which absorbs 
all the oxygen, amounting to exactly one half the volume of 
the whole, and leaves the nitrogen, which amounts to the 
other half By this analysis, it is found that 100 parts of 
this gas lose 50 parts of oxygen, and that 50 parts of nitrog^ 
remain. 

50 cubic inches of oxygen weigh 16.8 grains, 
50 cubic inches of nitrogen weigh 14.9 grains, 

The 100 parts therefore weigh 31.7 grains. 
The equivalent composition therefore is 

1 atom, or equivalent of nitrogen 14 

2 do. do. oxygen 16 

30 



WhttMid to fimned tdnii tiitegttr«Miblhe« wtth an adUHkinid ptttfam of oxygen gut 
Bjr what fluid is tbte g» Abaotbed t In whM mfuner fsthe nitroiu gis etnploxed to ai* 
outain tlw tquantl^ of oixygM In Ihe «tmeqrii«f« 1 la what nkumer has (he c om po eiU on 
(irtlBisaBlMnaKeMaiiMdl Wfaatiatha eoAfSMitteiiorchiagttY What ia to «ial* 
▼alent nuinber 1 What are the equivalent iwariMMi of ha«lmMKa1 
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Nitrous Add — 46. 
1 p. Nitrogen 144-4 p. Oxygen 32. 

The next compound of nitrogen and oxygen which we 
shall notice is nitrous acid. 

This acid is formed by adding oxygen to the compound 
last described, in consequence of which, the nitrogen of that 
compound combines with another portion of oxygen equal to 
that which it before contained. The deutoxide contained 2 
proportionals of oxygen, 16. The nitrous acid contains 4 
proportionals of oxygen, 32. Between these, there is a hy- 
pothetical compound, containing 3 proportions of oxygen, but 
which has not been obtained in a firee state. This is called 
hypomtrotcs acid^ and by some subnitrous acid, because it 
contains less oxygen than nitrous acid.^ 

Nitrous acid may also be obtained^ by the distillation of 
nitrate of lead, in a retort J {See Nitrdte of Lead.) Durinp^ 
the distillation, the receiv^ should be kept cold, by surround 
ing it with ice. 

By either of these methods, there is obtained a vapour, or 
gas, of a deep orange red colour, which is the nitric acid in 
a gaseous state. To obtain it pure, it is, however, necessary 
that the receiver should be first exhausted by the air pump, 
because the gas is instantly absorbed by water, and a mercu- 
rial bath cannot be employed, because the gas acts upon that 
metal. 

By volume this acid is composed of, 

Nitrogen 100 By weight, Nitrogen 14 

Oxygen 200 Oxygen 32 

300 46 

Nitrous acid, in its fuming state, is totally irrespirable; but 
supports the combustion of phosphorus or charcoal, when 
these are introduced into it in a state of combustion. 

Water absorbs this gas in large quantities, and squires 
thereby, first a green and afterwards a blue tint, if still 
more be added, it becomes yellow, or colourless, ahd forms a 
solution of nitrous acid in water. 



What aie the proceaan by which nitrous acid may be obtained 1 What is the coni|» 
rition of thia acid 1 In what does this acid occur, and what is its colour 1 How is thia 
acid obtained in ha pure state 1 Why cannot a mercuiial or water bath be employed to 
confine thia gas % What are the definite proportions of the elements of (his acid by 
vcdume and weight 1 Does this gas support combustion or animal life 1 What is said <tf 
its absorption by water, and the colooxs produced thereby 1 
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Nitric Acid — 54. 
1 p. Nitrogen 14+5 p. Oxygen 40. 
Aqua Fortii, 

If a mixture of oxygen and nitrogen be confined in a glass 
tube containing a little water, and powerful electrical shocks 
be passed through this mixture, the water, after a continued 
succession of such shocks, will possess acid properties. By 
this process, the two gases are made to combine, and form 
nitric acid, which is absorbed by the water. 

This experiment is designed merely to prove that the acid 
in question is formed of oxygen and nitrogen. 

The usual mode of formmg this acid/is by the distillation 
of the nitrate ofpotasfumoie commonly called nitre, or stUU 
petre, with sulphuric acid. The proportions are four parts of 
nitre, in coarse powder, with three parts of the acid by weight 
The receiver must be large, and kept cold, otherwise much 
of the acid will escape before it is condensed. The strongest 
acidfis formed when no water is placed in the receiver^hat 
already combined with the sulphuric acid being sufficient to 
condense the nitric acid vapor as it is formed. 

The strongest nitric acid is without color, and has a spe- 
cific gravity of^l.52;that is, this acid. is by one half heavier 
than water. In this state it contains ^5 mr cent^ of water?) 

The dry nitric acid,\which is foWed by the condensation 
of its constituent gases/jcontains no water, and is composed* 
as stated at the head or this section, of 1 proportion of nitro- 
gen, 14, and 5 proportions of oxygen, iO. The combining 
number of the dry acid is, therefore, 54.^ 

The acid obtained by distillation^contains 'thei^same ele- 
ments as the dry acid, and in the same proportions) but with 
the addition of two proportions of water. Now, the combi- 
ning proportion of water being 9, that is, oxygen 8 and hy- 
drogen 1, it is easy» by the above data, to find the combining 
or equivalent number for liquid nitric acid. It may be stated 
thus: 



What .is the composition of nitric acid, and what its combining number 1 What ex- 
periment shows that this acid is formed of nitrogen and oxygen 1 What i» the nsaal 
mode of obtaining this %cid I In what manner is the strongest nitric add formed) 
Whence comes the water to absorb the acid vapor when none Is placed in the leoeiverl 
What Is the specific gravity of the strongest acid 1 What proportion of water does ft 
eontain? How is the dry nitric acid formed 1. Does the acid obtained by distiHatfon 
contain he same elementB as the dry 1 ' 
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1 prop, of Nitrogen 14 

5 prop, of Oxygen 40 

■ > II 

64 dry acid. 

2 prop, water 18 

^2/}iqaid acid 

The acid in this state is ceM&iJiydro nitric acicy from a 
Greek word signifying water, to denote its combination with 
tlutt fluid. When this acid combines with other substances 
i/abandons the water/ which therefore is not reckoned in its 
equivalent number. In this state it is c^eAMnkyirous nitric 
aCid^denotinof that it contains no water. 
VJutric acid is an exceedingly acrid and corrosive substance. 
It stains the skin and nails of a permanent yellow, and is an 
active poison when swallowed^ 

It parts with its oxygen .witn great facility, and hence is 
decomposed by nearly every combustible body. It combines 
with most of the metals, and decomposes all vegetable and 
animal substances. • 

As a proof of the slight degree of force with which this 
acid retains its oxygen, take some warm, dry, and finely pow- 
dered charcoal, and pour on it a few dracbms of strong nitric 
acid. (The charcoal will be ioiiited, with the emission of im- 
mense volumes of red fumes/ By this process the acid is 
decomposed, and parts with 2 or 3 portionis of its oxy^^n to 
-the charcoal, in consequence of which it is converted into 
vnitrous acid, and deutoxide of nitrogen,, which pass off in the 
form of red fumes. ^ >' 

\If an ounce of the spirit of turpentine be placed in a cup, 
an^n it there be poured suddenly, about half an Qwnce of 
this acid^ the turpentine will be inflamed with an explosion, 
sending forth a great quantity of black smoke, and often 
throwing the acid and fire to a considerable distance. ^ 

In both these cases, jthe acid parts with its oxygen with so / ^ 



What are the conatltuentB of liquid nitric acid? What ii the chemical name for the 
liqaid nitric acid 1 When this acid combines with other subetances, what beoonM of itt 
water 1 What is the chemical name for the dry acid 1 What are the properties of nitric 
acid 1 How is it shown that this acid holds its oxygen with a sKght force t What effect 
does the action of the charcoal haye on this acid ? W*hat are the red fumes which pa« 
off durii^ this experiment ? How may spirit of turpentinB be inflamed by this u\A\ 
Why are the condrastibles set on fire by this acid? 

13 
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much freedom, audthe coiodbiivtibles absorb it with mich «?i- 
dity, as to set them on fire^ 

in making the latt« experiment, the vial containing the 
acid should be tied to a long stick, otherwise the operator 
will be in danger from the explosion. 

Nitric acid forms a great number and variety of salts, 
when combined with the different metals, earths, and alkalies. 
Most of these salts scintillate when thrown on burning char- 
coal This isAn consequence of the oxygen which the salt 
emitsr when exposed to heat, and by which the combustion of 
the charcoal is rendered more vivid. I This scintillation is 
a sure proof that the salt is a nitrate. v 

All the nitrates are ^oluble in water,^nd many of them 
furnish oxygen gas of more or less purity when heated in a 
retort. 

NITROGEN AND HYDROGEN. 

Ammonia 17. 
1 p. Nitrogen 14-f3 p. Hydrogen 3. 
Hartshorn. 

There is a substance well known to artists, and others, by 
the name of sai-ammoniac. In chemistry its name is muriate 
of ammonia, (tf some of this substance be pulverized by 
Itself, and then mixed with an equal portion of unslaked 
quicklime, also in powder, and then introduced into a retort, 
upon the application of a gentle heat, there will arise an ex- 
tremely pungent gas, which is ammonia\ 

(Water absorbs this gas with great a^dity, and in large 
quantities^and consequently it cannot be collected like most 
other gai^s, by means of the water bath. 

In me absence of a mercurial bath, therefore, its proper- 
ties can be examinedTby receiving il in a bladder attacned 
to the retort, or by means of a tall bell glassj and the appa- 
ratus described at Fig. 40. This gas is transparent, ana co- 
lorless.' In its pure state it camiot be respired. An animal 
cannot live in it, and it extinguishes the flame of burning 
bodies.' 



What ia iaid of the a&lts fomwd hj the coinbiiuitioDS of nitric acid 1 Why do the 
of thifl acid acintillate when thrown on Iraming charcoal 1 What is said of the soliibillty 
of the nitrateel How is ammonia obtained) Why cannot this gas be ocdlected undMr 
'1 How may its properties be examined without a mercurial bath? 



TUB gas is composed of 
1 equivalent or atom of nitrogen 14 
3 do. do. hydrogen 3 

Its combining weight is therefore 17 <>r>vN.' *, y^^ .^ 

It is much lighter than atmospheric air, 100 cubic incjaes 
weighing onlyy 8 grains/ 

/iVhen this gas is absorbed by water/ which will take up 
more than(500 times its own bulk of itTthere is formed the 
well known pungent liquid call6a spirit of sal ammoniac, or 
spirit of hartsharn^Miid by the apothecaries, liquid ammonia. 

When ammoniacal gas is submitted to the pressure of 6 or 
7 atmospheres, equal in the whole to about 100 or 120 pounds 
to the square inch.j'it is condensed into a clear colorless 
liquid^ut when the pressure is removed* it again expands^ 
and assumes its former gaseous state. 

Ammonia is called the volatile alkali, by which it is distin* 
guished from the ^^2:6(2 alkalies, soda and potash. It possesses, 
fully, all the properties of an alkali, having an acrid taste, i^ 
strong affinity for water, and being capable of neutralizing 
the corrosive qualities of the acids. 

The article used in smelling bottles, and called volatile saliSt 
and salt of hartshorn, is a carbonate of ammonia. 

The salts of ammonia, and particularly the muriate and 
carbonate, are articles of considerable importance in com*. 
merce, in the arts, and in medicine. 



Carbon,"^. 

Nature furnishes carbon in its purest state, in the form of 
that precious gem, the diamond. 

^-That the diamond is nothing but pure carbon, is proved by 
airect analysii^ If iii a glass vessel containing oxygen gas, 
a piece of diamond be placed, and then exposed to the intense 
heat of a large convex lens, or burning glass, the diamond 
entirely disappears, and there remains in the vessel carbonic 
acid, instead of oxygen. Thus the diamond, like other coni« 



What an the moat obviouq properties of ammoida ? What la the eomporitloB «f am. 
' nonia, and what ia ka equiTalent number 1 What ia the weight of 100 cubic inehet of 
this i^aa 1 How ia liquid ammonia formed 1 What quantitjr of thia gaa will wM<r «^ 
sorb? Wbatiaaaidof the condensation of ammonia into a liquid 1 Whet la tlw ««M# 
caHed rolatile aaltal What ia aaid of the aUndiDB proportiaa of •mrnonia? • HcwM* 
IKwrad that the divqond i« oompoaed of pure caibonl 
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bustibles, fonns carbonic acid by being burned, or by imidnff 

with oxygen. When charcoal, or carbon from wood, is burned 

/ in pure oxy^^en gas, exactly the same result is produced, the 

V charcoal entirely disappears, and the oxygen is converted into 

\»rbonic acid J 

I Charcoal may be obtained for experiments, (by burying 
wood under sana, in a crucible, and exposing it to an intense 
heat for an hour or twq.^' By this process, the water and 
other ingredients of which wood is composed are driven off, 
and the carbon remains. 

Both diamond and charcoal sustain the most intense de 
grees of heat, without change, provided oxygen is entirely 
excluded from them. • Charcoal, when newly prepared, pos- 
sesses the property of absorbing large quantities of air, or 
other gases, at. common temperatures, and of yielding the 
greater part of them again when heated.. There is, however, 
£ great difference in respect to the quantity absorbed jdepend- 
'ing on the kind of gas with which the experiment is made, 
f Anmioniacai gas is taken up in the largest quantity^ this be^ 
ing 90 times the bulk of the charcoal. Muriatic acid gas is 
absorbed in the proportion of 85 times the bulk of the char- 
coal. Other gases are absorbed only in small proportions, 
nitrogen being only 7i times/and hydrogen^. 75 times the 
hulk of the charcoal. The greatest absorption takes place in 
charcoal made from the most compact kinds of wood, and the 
amount is much diminished when the charcoal is reduced to 
powder. Charcoal, recently prepared, pas the property of re- 
sisting putrefaction in animal substances, and of rendering 
such substances sweet, after they are tainted. The most ofien- 
sive stagnant water, loses its odor and becomes perfectly 
sweet by being filtered through powdered charcoalJ 

It also destroys the color of many substances. Vinegar 
loses its color, and becomes transparent like water, by being 
boiled with charcoal, and red wines, or colored brandy, are 
bleached by passing through it. The best charcoal for these 



When diamond, or charcoal, is humed in oxygen gas, what ia the product 1 How may 
ehaicoal be obtained from wood in a pure state 1 What pecuNar property does newly 
impand rfiatwnai pooBew 1 What difference is there in respect to the quantity of the 
dUSwant gases absorbed by charcoal 1 What gases are absorbed in the greatest, and what 
In the least quantity 1 vnai efRict docs newly prepared charcoal have on putrefylor 
aaiinal substances 1 What effect does charcoal have on the color of particttlar aiibstaQ 
QBtl What kind of charcoal to belt ibr the above purposeal 
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pniposea is pTepared/oy calcining animal substances in close 



In the present state of knowledge, charcoal is a simple sub- 
stance, haTing resisted all attempts to decompose, or separate 
it into other elements. Its atomic weight or combining num- 
ber is 6, this being the proportion in which it is found to unite 
with oxygen, to form carbonic acid, and in no instance has it 
been delected in- a less proportion in combination. 



CARBON AND OZTOBN. 

Carbonic Acid^—22, 

1 p. Carbon 6+2 p. Oxygen 16. 

Fixed Air. 

It has just been stated, that when diamond or charcoal is 
burned in oxygen, the latter is changed into carbonic acid. 
By this process the volume of oxygen is not changed, but its 
yweight is increased by exactly the amount of the diamond, or 
charcoal^ consumed/ Carbonic acid, therefore, consists of 
oxygen, with a quantity of charcoal dissolved in, or combined 
with it. 

This acid can, however, be obtained by a much cheaper, 
and more direct method, than by the combustion of diamond, 
or even of charcoal, in oxygen gas. 

Carbonic acid exists in & fixed state, in vast abundance, as 
a part of the composition/m limestone or marbleJ This che- 
mical compound, so abundant in nature as to form immense 
mountains, is composed oflr22 parts of carbonic aciA and 28 
of lime. ^ 

Carbonic acid may therefore be obtained most readily, bv 
exposing carbonate of lime to the action of some acid whicb 
has a stronger affinity to the lime than the acid has with 
which it is naturally combined, and thus by forming a new 
compound between Ihe lime and the stronger acid, the car- 
bonic acid will be set at liberty. 



b charcoal a simple, or a compound body 7 What is the comhining number, or 
atomic weight, of carbon 1 When diamond, or charcoal, is burned in a c(»fii>ed poitiim 
of oxygen gas, what eflect does the combustion have on the volume Mid weight of tha 
gas 1 In what natural compound is carbonic acid contained in great abundance 1 What 
propcHtioo of carbonic acid does marble contain 1 What are the fV'mfff*^ priiripljiinn 
which carbonic acid may be obtained from limestone, at maxfole 1 

13* 



150 



CAEB«il AMD OZTOBir*^ 




For this mir 
pose, introaoeo 

Sure white mar- 
ie, in small frag- 
ments, into the 
two necked bot- 
t]ca,%. 58. hay- 
ing the bent tube 
«, connected with 
one of the necks 
and passing un- 
der the jar ^.fill- 
ed with water, 
and inverted in 
the water bath. 
■ — Then pour 
through the funnel b, some sulphuric acid, diluted with five, 
or six parts of water. Effervescence will immediately en- 
sue, in consequence of the escape of the gas, which in a few 
minutes will be seen to rise in bubbles through the water in 
the jar. 

The chemical changes during this process^ illustrate the 
law of simple affinity, formerly explained, yizL that one sub- 
stance may have an attraction for several others, but with dif- 
ferent degrees of force J Thus lime has an affinity for carbo- 
nic acid, with which it combines and forms carbonate of lime. 
But sulphuric acid having a still stronger attraction for the 
lime, wnen this is added, the carbonate is decomposed, the 
sulphuric acid and lime unite and form^sulphate of lim^ while 
the carbonic acid being thus rejected, escapes in thetorm of 
gas. 

This gas is inodorous, colourless, and elastic. 'It extin- 
guishes burning substances of all kinds, and is so poisonous, 
mat a small quantity of it mixed with atmospheric air destroys 
animal life^ t 

It is this gas which destroys the lives of many persons every 
winter, in consequence of warming close rooms with open 
ressels of burning charcoal. In such cases the^air becomes 



Szpiain Fig. 68, and describe the procesB of obtaining carbonic acid gas from marble, 
explain how this procees iUustratea the law of simple affinity. What new salt is fonned 
when sulphuric acid is poured on marble) What is the effect of this gas on flame^ and 
«nfanal lifel When charcoal is bomed in an open vessel, in a cIok room, what to thi 
afict on the air of tho room? 
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nokioiWfrom two causes; the charcoal, by abstracting the 
orfgen from the atmosphere, would leare only the nitrogen, 
which, as we have already seen, will not support animal life. 
The mere absence of the oxyc^en would, therefore, be the ne* 
gative means of destroying lite. But this is not the most ac* 
tive cause of destruction. The air is not only deprived of its 
oxygen, by the burning charcoal, but the oxygen, by uniting 
with the charcoal, becomes an absolute poison ; this is indeed 
of so deleterious a nature, that when pure, it causes death by 
producing a spasm of the glottis, thus closing entirely the 
passage to the hings, and when mixed with atmospheric air, 
m such a proportion as to be taken into the lungs/ it then 
acts as a narcotic poison, producing dimness of sight, loss of 
strength, difficulty of breathing, then entire suspension of 
respiration, and finally, insensibility, apoplexy, and deat^ 

When limestone is exposed to heat, (this gas is driven oS, 
and in consequence of this loss, the limestone is converted 
into quicklime, a substance well known as the basis of mor- 
tar for building. The gas, thus extricated, being quite pure, 
is exceedingly deleterious, and sometimes proves ratal to the 
workmen and others in the vicinity of the kiln, where the 
burning is perfonned 

M. Foder states, that in the year 1806, a family residing 
at Marseilles, consisting of seven persons, were all rendered 
apoplectic, in consequence of breaming carbonic acid, which 
was extricated from an oven in the yard of the house, where 
limestone was burning. The gas had come into the house 
through the door and windows, and by some means it was 
foimd, during the night, that the &mily were in danger, and 
the alarm was given, but not in time for any one to escape. 
In the morning all the seven were found in difierent places, 
one on the stairs, one on the step of the door, &c., with 
lamps in their hands, in the attitude of flight; but the dele- 
terious gas had taken away their strength, and put out their 
lights. They all appearea to have fiillen down of apoplexy, 
" while attempting to escape death by flight. Five were dead 
beyond recovery, but the two others were brought to life. 

Some people, who are perfectly aware of the poisonous 



How does pure caitwnie acid cause death 1 When mixed with air, so as to be raqiired, 
how does it cause death 1 Whea^ limestone is exposed to a red heat, what changes axo 
produced on it 1 What were the circumstances under which a family at Marseilles wen 
tendered apoplectic by this gas 1 Is there any difference between the poMonous efiiralf of 
charcoal prepared in a coal-pit, and that talcen fiom the bearthl 
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efieets.of the air arising from ignited charcoal, whiah 
been prepared in coal-pits, atiU unaeepuntably belieTe, that 
the coals from a common fire are innocent. * This opinion 
has probably arisen from the circumstance, that eoala ftom 
the fire are taken up with a quantity of ashes, in which they 
are chiefly coyered, so that their combustion is made less 
rapid, than when charcoal alone h used. But that there is 
no difference in respect to the poisonous property of this gas, ^ 
. whether the charcoal has been prepared in a coal pit, or on 
the hearth, is proved by the fiict, that a respectable citken 
and his wife, a short time since, had nearly mUen Tictims to 
this mistaken opinion. 

(Water absorbs carbonic acid from the atmosphere, mai it 
is owing to its presence in spring and well water, that we are 
indebted to their pleasant flavou^ Boiling causes'ttiia gasjo 
escape in consequence of the heat, and wiMeTec.has tasbeCMif 
water immediately from a fountain, and of another portibn 
of the same water, which has been boiled, will observe a re* 
markable difference. OV'ater which has been recently boiled, 
will absorb its own bulk of carbonic acid, when agitaled ipth 
it^ The smart and agreeable taste peculiarf^to^ soda water, 
to Hvely beer, champaigne, cider, and porter, is owing to the 
presence of this gas^ This shows that, though a deadly 
poison when taken mto the lungs, it may be taken into the 
stomach, not only with impunity, but with pleasure. 

The poisonous quality of this gas is a striking instance of 
the change produced on bodies by chemical combination. 
Charcoal alone is so inert as to be taken into the stomach in 
any quantity, without other deleterious effects, than what 
might arise from over distention, and in fine powder -it is so 
&r from being injurious to the lungs, that the coalmen eonsi- 
der their business as of the most healthy kind. Oxygen^ as 
it exists in the atmosphere, is the very pabulum of animal life, 
and when perfectly pure, may be respired without any other 
ill effects, except what arise from over excitement. But when 
these two subistances are chemically united, they form, as 
already described, a compound of the most deleterious kind, 



What ia said of the abflorption of this gas by water, and the liTely tasla given the fluid 
in consequenca 1 Why does water which has been boiled taste flat and insipid t To 
what liquids does this gas givft their smart and lively taste 1 What does this piow in 
saqtect to the poisonous quality of this gaa 1 How do the poisonous qualities of tharfaa 
Ulustrate the changea produoed on bodies by chemical oombinationsl 
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ft poiaoii vhidi, according^' to M. Hall^, destroys anlmnl^lilb 
in ,the apace of two miBiiles. 

Tbe specific gravity of this gas isf 1.52Jair being 1 ; so 
that it is about one half heavier than air. R may be poured 
from one vessel to aaothier lik^ water, and as it instantly ex- 
tinguishes flame, lights , may be put out with it, in a mamier 
which will puzzle and astonish those who are not in the se- 
cret. If a snort piece of candle be lighted and set in a tum- 
bler, and then a jar of this gas, which in appearance contains 
nothing, be held so that its contents run into the tumbler, the 
light will be as effectually extinguished, as though the tum- 
bler, had been filled with so much water. 

dt\e of the best tests of the presence of this acid/s lime 
wa^j^ which though perfectly transparent before, instantly 
(becomes cloudy, or turoid^when the smallest quantity of this 
gas" is blown into it. The small quantity of carbonic ^cid 
whijsh ra generated in the lungs at every inspiration, is suf- 
ficiftit to form a precipitate in lime water. (See Respira- 

tiOTk) 

The cause which renders lime water turbid by being mixed 
with carbonic acid is easily understood. Waier dissolves a 
small quantity of lime which it holds in solution ; but carbo- 
nate of lime is insoluble in water. When carbonic acid is 
blown into a vessel of lime water, the lime instantly combines 
with it, forming a carbonate of lime, which, being insoluble, 
is seen in the form of a white cloud. The carbonate thus 
formed, being heavier than water, sinks to the bottom, or is 
precipitated. 

The large quantities of this acid which are formed by com- 
bustion and respiration, it might be supposed, would increase 
the qi^antity in the atmosphere, particularly in crowded ma- 
nu&cturing cities, so as to make the air poisonous. But as 
already explained, the wisdom of Omnipotence has prevented 
the accumulation of this gas in particular places, in conse- 
quence of its specific gravity, for experiment shows, that not- 
\vithstanding tne great difi^rence existing among the gases 
in this respect, they all mix uniforrtily. Hence, by this won- 
derful provision, or exception to the general law of gravity, 



What M the specific grayity of this gasi How maj lights he extinguished by this gM 
In a maimer to puzzle those who are not in the secret) What is a good test for caibonie 
acidi What effect is apparent when a little of this gas is |riown into lime waterl Why 
dofli lime water become turbid by the presence of carbonic acid 1 Wb/ !• Uio atmot* 
pt^wi seldpm rendered poisooous by the accumuIaUon of this gas 1 



It4 wLVBim. '" ^ 

tloa gtm, thottgh extricated in immense irdQioee in tfavAet 
open air, soon diffuses itself on a]l sidM^ and mixes with tke 
surrounding atmosphere, so aa seldom to prove deleterious by 
local accumulation. 

The composition of this gas has been determined with ac- 
curacy, and as seen at the hmd of this section, it is composed 
of 2 proportions of oxygeft^G, and 1 proportion of carbon 6; 
hence its combining weight is 2% 

Carbonic Oxide. — 1 4. 
1 p. Carbon 6+1 p. Oxygen 8. 

When two parts of chalk, and one of iron filings, are mixed 
together and heated in a gun-barrel, carbonic oxide gas is 
obtained • 

The student will readily understand the principlg of its 
formation. An oxide contains too small a proportion of oxy- 
gen to foxm an acid. When lime or chalk is heated, carbonic 
acid is extricated, and when iron is heated, it has a strong 
attraction for oxygen. When therefore the chalk and iron 
filings are heated together, we may suppose, in the first place, 
that the carbonic acid is extricated, as usual, but that the iron 
instantly absorbs one l^alf of Its oxygen, thus converting the 
acid gas into an oxide. 

This gas possesses the mechanical properties, color, and 
transparency of carbonic acid. Like that gas, fit extinguishes 
the fiame of burning bodies, but is itself inilammable, the 
light which it puts out, setting it on fire at the surface, where 
it bums quietly, with a pale, lambent fiame^ The combining 
proportion of carbon has been determined from this com- 
pound, its elements, carbon and oxygen, having never been 
found to combine in smaller proportions than 6 of carbon and 
8 of oxygen by weight. 

SULPHUR 16. 

Sulphur is found in the vicinity of volcanoes in large msxt 
titles, being sublimed^ or brought uptfromthe cTepths below^bi 
the heat of the volcano, where it existed in combination^wit] 
the metals. It is also found combined with various metals. 
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fmrng sulpkureis, a ckas of compounds hereafter to be ex* 
tamaed] nor- is it entirely wanting in the animal andvegeta* 
hie kingdoms, many substances in each containing it in small 

mtities. 

Sulphur is a well known brittle solid, of a gre^sh yellow 
>T^ which has little or no taste, but which emits a peculiar 
odour when heated, or rubbed^ 

Its specific gravity I is nearly 2, jwater being 1.. When 
heated to a temperature ,a little abpVe boiling wsteri it mekt, 
and becomes completely fluid. In this state it is cast into 
mouldi^ and is known in commerce under the name of roil 
brimstone. If the heat is raised to 300^, it loses its fluidity» 
becomes viscid, and acquires a reddish color. If in this 
stat^it be poured into water, it becomes ductile, and is then 
empibyed to take the impressions of medals and seal^' 
The color and texture of these false medals have the appear- 
ance of some metallic alloy, and those who are unacquaint- 
ed with their composition, taking them for such, are at first 
surprised at their lightness. 

\When sulphur is heated to 500^ in a close vessel, it rises 
in vapor, or sublimes, and 'is condensed unchanged, except in" 
form, which is that of an impalpable powder, well known 
under the name of flowers of sulphur. In this manner it 
is purified. 

Sulphur combines ^ith the earths, alkalies, the metals, and 
with several proportions of oxygen. Its compounds are there- 
fore numerous, and some of them interesting. It has not 
been found combined with any substance in a less proportion 
than [16« with which it forms an acid, called the hyposulphur- 
ous^ when united to 8 parts of oxygen. 

Sulphur, so &r as known, is a simple body^j all a ttempt s 
to decompose it, having proved fruitless. 
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SULPHUR AND OXTOEN. 

Sulphurous Acid — 32. 
1 p. Sulphur 16+2. p. Oxygen 16. 
en sulphur is burned in pure oxygen gas« the latter 
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suffers no cliange of volume, but acquires a most sofibeating 
and pungent odour, and many new properties, entirely difier* 
ent from those of oxygen. The compound so formed is f«l- 
phurous acid gas. It is colourless and transparent ; <extin- 
guishes flame and animal life^ and first turns vegetable blue 
colours to a red, and then destroys them. When diluted with 
a large proportion of atmospheric air, it is still so acrid as to 
produce a sense of sufibcation and violent coughing on those 
who attempt to breathe it. 

i It is the same gas which is formed when sulphur is burned 
in the open air, but when burned with oxygen it is pure and 
undiluted. ^ It possesses the property of bleaching linen, silk, 
straw, ^^, and hence is employed by milliners and others 
for this purpose. 

Its specific gravity is more than double that of atmospheric 
airland hence it may be kept for some time in jars by mere- 
ly covering them with a piece of glass. ^Its equivalent com- 
position is 16 sulphur and 16 oxygen; Its bleaching proper- 
ty nuiy be shown, by introducing a fed rose, or other coloured 
nower, into ajar containing it, which will soon become white.. 
The rose must first be moistened, otherwise the experiment 
^11 not succeed. The colour may again be restored by an 
, alkali^ This gas has a strong disposition to unite with another 
proportion of oxygen, and hence it will revive some metallic 
oxides, by depriviug them of their oxygen. 

This property may be used as the means of making an 
interesting experiment 

Make a solution of acetate (sugar) of lead in pure water, 
and with it moisten a piece of ribbon, or a small plant, such 
as a sprig of mint. The thing moistened of course presents 
no other appearance than if wet with common water, but when 
plunged for a moment into a jar of this gas, it comes out com- 
pletely covered with a coat of brilliant metallic lead: 

This chemical change is thus explained. The acetate of 
lead is an oxide of the metal, dissolved in the ascetic acid, or 
vinegar. The sulphurous acid having a stronger attraction 
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far oxygen than the lead has, the acetate is decomposed hy 
being deprived of its oxygen hy the acid, and is thus revivea, 
or brought to its metalhc state. 

According to Mr. Faraday, the sulphurous acid is conden- 
sed and brought into the liquid state, by being submitted to 
the pressure of two atmospheres, which is equal to that of 30 
pounds to the square inch. / 

This acid unites with metallic oxides, and forms salts,, called 
sulphites, i 

^SulphuriG Acid^^O. 
♦ 1 p. Sulphur 16+3 p. Oxygen 24. 
Oil of ViirioL . 

Sulphuric acid is an article of considerable consequence in 
commerce and the arts, and is prepared in large quantities in 
Europe and America. 

It was formerly obtained by the distillation of a well known 
substance called green vitriol or copperas^ and was therefore 
called ^oiZ ofvitrioL Thecpmposition of this acid as above 
seen, gives it the name ofumlphuric acid) and green vitriol, 
therefore, which is composed of this acid and iron, is the 
sulphate of iron. 

By distilling this substance at a high heat, it is decomposed, 
and the acid is obtained in the form of a dense, colorless, 
liquid, of an oily appearance, which emits copious white 
fumes in the air. If this liquid be again distilled at a lowei 
degree of heat, into a receiver surrounded with ice, there will 
pass over a colorless vapor, which will condense in the re- 
ceiver, in the form of a white crystalline solid. This solid 
is dry, or anhydrous sulphuric acid, so called, because it con- 
tains no water. 

The sulphuric acid of commerce, is this solid dissolved in 
waterj This acid is prepared by the combustion of 8 parts 
of sulphur mixed with 1 part of nitre, in large chambers liiied 
with sheet lead. The acid is formed in the state of gas, 
and is absorbed by a thin stratum of water placed on the floor 
of the chamber. The following is the theory of this pio- 



How may thia acid be Cixidensed to a liquid state 1 What are the salts called wlilch 
this aeid forma with metallic oxides 1 How was sulphuric acid formerly obtained 1 What 
is the chemical name of copperas 1 How is the dry, or anhydrous sulphuric acid pio- 
ctnedl Of what does the liquid sulphuric acid of commerce ooosisll Oefloribethe 
manner in which the sulphuric acid of conuaecoe is pcenawL 

14 



158 8VI.PHUR AMD OXTOEN. 

cess. The salpliUTOiis acid, formed by the burning sulpknr 
takes a portion of oxygen from the nitre, and is converted 
into sulphuric acid. This acid then combines with the potash 
of the nitre, and displaces nitrous and nitric acids in vapor. 
These vapors are decomposed by the sulphurous acid into 
nitrous gas, or deutoxide of nitrogen. This gas, suddenly 
expanded by the heat, rises to the roof of the chamber, where 
there is an aperture communicating with the open air. 
There it absorbs a portion of oxygen from the atmosphere, 
and is converted into nitrous acid vapor, which, being a heavy 
aeriform body, immediately &lls down upon the sulphurous 
flame, and imparting a portion of its oxygen to the sulphur- 
ous acid vapor, converts it into sulphuric acid, which is then 
absorbed by the water. The nitrous acid vapor, being thus 
reconverted into nitrous gas, again ascends to the roof of the 
chamber for another dose of oxygen, with which it descends 
as before, and thus the process continues. 100 parts of ni- 
tre, and 800 of sulphur, will produce 2000 parts of the 
acid. 

From Dr. Ures' paper on this subject, we learn that the 
common acid of the shops contains from 3 to 4 per cent, of 
£)reign matter, consisting chiefly of sulphate of potash, and 
sulpnate of lead, and that it oflen contains much more than 
these proportions, in consequence of the introduction of nitre, 
to remove the brown color, accidentally given the acid by bits 
of wood, or straw.y 

The purest sulphuric acid obtained by the usual process, 
has a specific gravity of about. 1845, water being 1000. If 
it is much heavier than this, adulteration by means of some 
ponderous substance may be suspected, and if much lighter, 
its strength will probably be found deficient in consequence 
of dilution with water. In conseauence of the strong attrac- 
tion of this acid for water, vdth which it unites in all propor- 
tions, it absorbs moisture from the air with avidity, and thus 
when vessels containing it are left open, they gain in weight, 
instead of losing by evaporation. If carboys of this acid are 
permitted to stand in a damp place, as in a cellar, with the 
stoppers left out, there wiU probably be a gain in weight, 
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widch will amount to much more than the interest of the 
money the acid cost. It therefore hecomes honest dealers, 
as well as careful buyers, to see that this acid is well secured 
from contact with the air. 

This acid is one of the most caustic and corrosive of all 
substances. When mixed in the proportion of four parts of 
acid with one of water, the temperature of the mixture rises 
to 300°. , ' Its extreme activity as a caustic seems to depend 
on its avidity for moisture J and the heat occasioned by the 
union. On the entire skin, when this is dry, it produces no 
immediate effect, but if there is the smallest erosion or 
scratch, it operates on that part instantly, and with the most 
intense and painful energy. The flesh appears to be first 
burned, and then dissolved by its action. 

In case of any accident, where the concentrated acid is 
thrown upon the clothes or skin, as it is generally known that 
this acid burns, the spectators run for water, which is thrown 
on, with the intention of diluting the acid, and thus to prevent 
its farther action. This, though meant in kindness to the 
sufferer, might be the means of his destruction ; for the de- 
gree of heat, thus raised, would be sufficient to destroy his 
5kin, without the farther action of the acid. In such cases, 
there is much le^s danger in waiting until some potash, chalk, 
or even ashes, J:an be procured, and thrown on the part. 
Meantime, the sufferer should be stripped of the clothing on 
which the acid has iallen, and the acid absorbed from the skin 
with a moistened sponge, or cloth, or even a handful of dry 
clay, throwm upon the part. 

Strong sulphuric acid boils at 620° and freezes at 16° be- 
low zero. 

The dry acid is composed of 

1 equivalent of sulphur 16 
3 do of oxygen 24 
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The common or hydro-sulphuric acid contains, in addition 
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lothe aboTe, ^ne proportion of water/ maldiig its 
Aumber 49. . ■ - - - 

PHOSPHORUS — 12. 

Phosphorus is a yellowish, inflammable solid, which in 
the open air emits white fumes, and at common temperatures 
is luminous in the dark. 

This substance has never been found in a simple state, but 
lis combined with animal substances, in considerable quanti- 
ties, and is occasionally found in minerals^ 

It is obtained from bones by the following process. In 
the first place, the bones are calcined, or burned in an open 
fire, and then pulverized, and digested for two or three da3rs, 
with half their weight of sulphuric acid, to which water is 
occasionally added. This solution is then mixed with twice 
its bulk of hot water, and the liquid separated by straining 
through a cloth. By this process, the bones, which are com- 
posed of phosphoric acid and lime, are decomposed, and two 
new salts, viz., the sulphate of lime, and the biphosphaie of 
lime^ are formed. The sulphate of lime is insoluble in water, 
and therefore the filtrated solution contains only the biphos- 
phate, which is soluble. Thus, the bones, which are a phos- 
phate of lime, mixed with animal matter, are first deprived 
of this matter by burning, and then coAverted, in part, into 
the biphosphate by the sulphuric acid. We have, then, in 
this stage of the process, a solution of the biphosphate, or 
Ofcid/idous phosphate of lime in water. This solution is then 
evaporated to the thickness of syrup, mixed with one fourth 
of its weight of charcoal in powder, and distilled with a strong 
heat, in an earthen retort. The charcoal combines with the 
oxygen of the biphosphate, which being thus decomposed, 
the phosphorus distils over, and is obtained in a vessel of 
water, into which the mouih of the retort is placed. 

Phosphorus, thus obtained, is of a yellowish, or fiesh color, 
but may be made colorless and transparent by re-distillation. 

This substance is exceedingly inflammable, so that at 
common temperatures, it is necessary to preserve it under 
water, in well stopped bottles. It may be set on fire by 
slight firiction, or even by Ihe iieat of the hand. It is in- 



What i» phoqjfaonis 1 In wiiat slate in phospkeras found, in a simple or combmea 
Matet Hj what pTogrees is pbosi^ionia obtained') Describe thedifletent cbemicai 
dianges which take place in the process of its preparation. What is said of the inflam* 
mobilitf of phosphorus 1 In what manner most it be pffeserved from the air t 



fvospnoftiTs AND oxtmoi. 161 

ftdittble la water, bnt is soluble in ether or oils, to widcli it 
communicates the property of shining in the dark. 

.'Put a piece of phosphorus into a yial half £lled with olive 
oil, then keeping the thumb on the mouth of the Tial, warm 
the bottom, shdcing it now and then, until the phosphorus is 
melted. This forms liquid phosphorus, and a vial thuspre^ 
pared, may be occasionally useful to show the hour of the 
night by a watch. All that is necessary for this purpose is 
to hold the vial in the hand for a few minutes, until it becomes 
warm, then take out the cork, and the union of the oxygen 
of the air with the phosphorus, will eyolve sufficient ligM to 
see the hour\^» 

That the light is owing to the combination of oxygen with 
the phosphorus, or to its slow combustion, in the above m- 
etance, fs proved by the fact, that phosphorus maybemelted« 
and sublimed in pure nitrogen, without the least appeaxanos 
of light^^ j^ts combustion in oxygen gas is exceedingly vivid, 
and affords a striking and splendid experiment for a public 
lecture room. 

When taken into the stomach, phosphorus proves fa. viru- 
lent and deadly poison/ though in minute doses, it has been 
used as a nfedicine, when dissolired in ether. 

PHOSPHORUS AND OXYGEN. 

Phosphoric Acid — ^28. 

i p. Phosphorus 12+2 p Oxygen 16. - 

/■ 
Phosphorus, as above stated, Smites with oxygen with great 

rapidity, and affords an instance of intense c^hemical action, 
attendeid with ^e most brilliant phenomena; During this 
combustion, coprous white vapors are produced, which fall to 
the bottom of the vessel in which the experiment is made, 
like flakes of snoi|^. This white vapour is the dry, or anhy- 
drous phosphoric acid. If exposed to the ^r,.it soon attracts 
moisture in sufficient quantity to dissolve it, and thus becomes 
liquid phosphoric acid. 
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This acid may also be formed by the action of nitric BcH 
on phosphoriu. The union is maae by dropping pieces of 
phosphorus into the strong acid. , The phosphorus absorbs 
0116 proportion of oxygen from the acid, tnus converting this 
acid mto the deutoxide of nitrogen, or nitrous gas, which e^ 
capes in immense volumes during the process. The phos- 
phorus is thus converted into phosphoric acid, which is ob- 
tained in the solid form by evaporating the solution to dry^ 
ness.' 

Phosphoric acid unites with water in all proportions, and 
produces a small degree of heat during the solution. Its taste 
IS intensely sour, but it is not corrosive. - nUien heated in 
contact with charcoal, the latter absorbs its oxygen, and the 
phosphoric acid is converted into phosphorus^ 

This acid combines with Various Iascs,' and foimfi a class 
of compounds called phosphates. Its composition is 

1 proportion of phosphorus 12 

2 do. of oxygen 16 

Consequently its equivalent is 2S 

Phosphorous Acid — ^20. 
I p. PhosphoruaA2+l p. Oxygen 8.* 

This acid is obtained by exposing pieces of phosphorus to 
the open air, in consequence of which it spontaneously ab- 
sorbs oxygen, and undergoes a slow combustion. 

If two or three sticks of phosphorus be thus exposed in a 
glass funnel, set into the mouth of an empty bottle, the acid 
will be formed, and by attracting moisture from the air, will 
be dissolved, and pass down into the bottle, where at first may 
be found a quantity of liquid phosphorous acid. This acid 
combines with different bases, and forms ^Its which are 
called phosphites'. Phosphorous acid, when exposed for some 
ijme to the air, absorbs another proportion of oxygen, and is 
then converted into phosphoric acid. Indeed the acid form- 
ed by this method, is probably always mixed with the phos- 
phoric acid. 

There are several other compounds of phosphorus and 
oinrgen, but these are the most important. The phosphates 
wul be described in their proper putce. 

When phupboras to thrown into nitric maid, what are the chemical chanfM whkh 
eame I In what manner does charcoal convert phosphoric acid into phoephoniB 1 What 
ia tha eompoaition and what the combining number of this acid ? How ia phoaphonMie 
•cidriNaiaadl Wiiat are thaaiJticaUid which this acid fonw with the dUftnnttaMl 
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BOROW— 8. 



*h.ere is a solid substance, resembling alum in appearance* 
wliich is used in medicine and the arts/ under the name oT 
icrdtx. From borax there is extracted an acid, called the 
boracic acid. When boracic acid is heated in contact with 
the metal called potassium, the metal, having a strong affinity 
for oxyffen, deprives the acid of that principle, and thus its 
base, ccdled boron, is set free. This, so &r as is known, is 
an element. Boron is insoluble in water, alcohol, or oiL It 
may be exposed to the strongest heat in a close vessel, with- 
out change, but when heated to about 600^ in the open air, 
it takes fire, bums vividly, and by the absorption of oxygen, 
is again converted into boraciC acid. 

Boraeie Acid. — This is the only known compound of boron 
and oxygen, (t is a natural product, occasionally feund in 
springs, and also in several salts, of which borax, or the bO' 
rate of soda is the principal. 

The acid may be obtained from the borate of soda, by dis' 
solving that substance in hot water, and then adding sulphuric 
acid until the solution becomes sour. Sulphuric acid com- 
bines with the soda, forming sulphate of soda, or Glauber's 
salt, while the boracic acid thus set free, is formed when the 
water cools, in small crystals. It is not readily soluble in 
water, but alcohol dissolves it freely, which being set on fire, 
bums with a beautiful green fiame. This green flame is a 
good test of the presence of boracic acid in any composition. 

This acid is composed of 

Boron 1 proportion 8 
Oxygen 2 do. 16 

The combining p. of this acid is therefore 24 

CHLORINE — 36. 

Ozymuriatic Acid. 

^rhis highly important and useful gas is obtained by the 

^action of muriatic acid on black, or peroxide of manganese 

The most convenient mode of preparing it is by mixing strong 

Bow te boron obtidned 1 b boron a compound, or an elementary body 1 What an 
Aa propartiM of boronl yfhat ia boracic acid 1 How may boracic acid be obtainedl 
Whai ia the common name for borate of soda 1 What is the beet teat for the preaenoe of 
laeidl What an the elemeoia of bocBcic acid, and what ii its combining aviBi- 
r1 HMrtodiloffiiM obtainedl 
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muriatic acid, contained in a retort, with half its weight of 
the black oxide of manganese in fine powder, and then ap- 
plying a gentle heat. The gas may be received in glass bot- 
tles filled with water, and inverted in the jmeumatic cisleni, 
in the usual way. The water should be warmed, to prevent 
absorption. 

A cheaper mode of obtaining this gas, is to mix threepaits 
of sea-salt, powdered with one of the manganese, in a tubu- 
lated retort, (Fig. 33,) and then to pour in two parts of sul- 
phuric acid, diluted with an equal quantity of water.^ By the 
heat of a lamp, the gas will be extricated in abundsnee. 

OThis gas is of a yellowish green color, the name^ chlorine, 
in Greek, signifying green. It has an astringent taste, and 
is so exceedingly suffocating, that a bubble or two let looaa 
in a room, will excite coughing and a sense of strangulation./ 
Cold water, recently boiled, will absorb twice its volume of 
chlorine, which it gives out again on being heated. 

The specific gravity of 'this gas is 2.5, iso that it is more 
than twice as heavy as atmospheric air. 100 cubic uoches 
weigh 76.25 grains, while the same quantity of ONomon air 
weighs only 30.5 grains. 

Chlorine was formerly called ozynui/riatic acidi from the 
opinion that it was composed of muriatic acid and oxygen^ 
But according to the logic of chemistry, it is now univerMdly^ 
considered a simple b^dy, hav^g never been decomposed, 
though repeatedly submitted to the most active decomposing 
agents known to chemists. . Sir H. Davy submitted it to the 
most powerful effects of galvtinism, and to charcoal heated to 
whiteness, without decomposition, and without separating the 
least trace of oxygen from it. Hence, according to the pre- 
sent state of knowledge, it is an elementary body. 

Chlorine is a supporter of combustion. When a lighted 
taper is plunged into this gas, it burns' with a small red fiame, 
emitting a large quantity of smoke. Phosphorus takes fire 
in it spontaneously, and so do several of the metals. 

Fill a deep bottle, or large tube, with this gas, and set it 
upright, with the mouth covered by a plate of glass. Have 
some antimony prepared, by being pounded in a mortar ; 

What are the two procesBss, desoribed, of obtaining it 1 What is said of the qq> 
lor and suffocating effects of this gasi What is its specific gravity 1 What m 
the former name of this gas % Does this gas contain any ojgrgen 1 What is said of ths 
experiments of Sir II. Davy nn chlorine ? b this an elementary, or a compound body % 
ts chlorine a supporter of combustion 7 Wtiat substances take fixe in this gaa qxmtuiie* 
ooaty? 



then slide off the cover and pour in the metal. It will take 
fire before it reaches the bottom, and afford a beautiful show^ 
er of white flame. This affords an elegant and striking ex- 
periment. The metals, tin, zinc, copper, arsenic, and even 
gold, when in the state of powder, or, thin leaves, will be in- 
damed in the same manner. 

Chlorine has a very strong attraction for hydrogen, but it 
is through the mysterious influence of light that the combi- 
nation between the two substances seems spontaneously to be 
effected. 

Thus, when a mixture of these two gases is kept in the 
dark, no combination ensues, but if exposed to tne direct 
light of the sun, they combine suddenly, and with a violent 
detonation. 

This gas, though formerly called an acid, does not appear 
to possess any acid properties. It is not sour to the taste, 
nor does it redden vegetable blue colors, properties nearly 
universal in the acids. 

But the most important property of chlorine, is its bleach- 
ing power, all vegetable and animal colors being discharged 
by its action. For this purpose, it is combined with quick- 
lime, forming chloride of lime, or bleaching powder, an arti- 
cle very extensively employed at the present time, and which 
will be described, and its properties examined, in its proper 
place. 

Another very important property of chlorine is its disin- 
fecting power, any infectious or disagreeable odor being al- 
most instantly destroyed by it. For this purpose, the chloride 
of lime m also chiefly employed. The compounds of chlo- 
rine which are not acid, are called chlorides, or chlorurets. 
When chlorine, united to oxygen, combines with a base, and 
forms a salt, it is called a chlorate. These were formerly 
called hyperoxymuriates. They possess no bleaching proper- 
ties. 
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CHLORINE AND RTDROOEN. 

Muriatic Acid — 37. 
1 p. Chlorine 36-1-1 p. Hydrogen 1. 

We have just seen that chlorine has a strong' affinity for 
hydrogen, hut that no union takes place hetween them, with- 
out the influence of light. When the light is entirely exclu- 
ded, a mixture of these gases remains without change. 
When the mixture is made in a glass vessel, and exposed to 
the light of day in the shade, the gases, if of equal volumes, 
slowly comhine, and form muriatic acid gas. But when the 
i^oixture is exposed to the direct ravs of the sun, the union is 
sudden, and attended hy an explosion. 

This combination does' not change the volume of the origi- 
nal mixture, but the properties of the two gases are greatly 
changed. If the vessel in which the experiment has been 
made is unstopped under water, the fluid will in a few mo- 
ments entirely absorb its contents, and All the vessel in its 
place, while the two gases, before combination, were absorbed 
by water only in small proportions. The peculiar odor of 
chlorine, and its prompt bleaching property, are also destroy- 
ed, and other change of properties will become apparent on 
further examination. 

The compound formed by the union of chlorine and hy- 
drogen is called muriatic acid gas. This gas is composed 
by weight of ' 

1 equivalent of chlorine 36 
1 do. of hydrogen 1 

Combining weight of muriatic acid gas 37 
The production of muriatic acid by the combination of its 
elements, is designed to prove its constitution, and combining 
proportions. This acid is, however, much more readily pre- 
pared, by the action of sulphuric acid on common salt. 

If the salt be pulverized and mixed with an equal weight of 
the acid, and then the heat of a lamp applied, muriatic acid 

- — — — — — ■ ■ ■ ■ ■■ ■■ ■ ■ ■ — . ■ — -- " ■' ' — '« ' ■ 

When a mixture of hydrogen and chloiine is kept in the dark, what change takei 
piaoel When placed in the shade, what is the efleal When the mixture is placed in 
the son, what «flect is produced 1 What are the changes produced on these gases by this 
combination? What is the name of the new gasi What is said of the absorption ligr 
water of chlorine, and hydrogen, and also of muriatic acid gas 1 What is the compositian 
of muriatic acid gas, and what is its condbining number 1 How is this gas most nidily 
•nd eooTenisiitly prepared 7 
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gas will be disengaged. But it must not be received over 
waters which will absorb several hundred times its own bulk 
of this gas. 

Muriatic acid gas is a transparent, elastic fluid, of a very 
pungent smell, and intensely acid taste. Its attraction for 
water is so great, that when it escapes in the open air, even 
in the dry est season, it instantly forms a white cloud, in con- 
sequence of combining with the moisture of the atmosphere. 

Water, at the temperature of 40°,* absorbs 480 times its 
bulk of this gas, and the solution is known under the name 
of muriatic acid^ or spirit of sea salt, and is largely employ- 
ed for chemical and manufacturing purposes. 

This acid is prepared, in the large way, by extricating 
the gas from sea salt, by sulphuric acid, as above described, 
and then passing a current of it into water, as long as any is 
absorbed. It forms, with the different bases, a class of salts, 
called muriates. 

When this gas, in a pure state, is subq^itted to the pressure 
of 40 atmospheres, that is, 600 pounds to the square inch, it 
is condensed into a liquid. 

CHLORINE AND OXYGEN. 

There are four compounds of chlorine and oxygen, formed 
by the union of as many different proportions of the oxygen 
to the same proportions of chlorine. These compounds are 
known only to chemists, and with the exception, perhaps, of 
chloric acid, possess no value in the art. They are all form- 
ed by the action of an acid on the chlorate of potash, or the 
chlorate of barytes. The chief interest which these sub- 
stances possess, in a chemical relation, is their strict con- 
formity to the laws of definite and mukiple proportions. 
Their names and constituents are as follow : 

Protoxide of chlorine, 36 chlorine + 8 oxygen. 
Peroxide of chlorine. 36 " -f32 " 
Chloric acid, 36 " +40 " 

Perchloric acid, 36 " +66 " 



Why does maiiatic acid gu fcrm a white cloud in the open air 1 How many timet 
lie own buUc of this gas will water absorb 1 Under what name is this solution of gas in 
water iinown 1 How is the muriatic acid of commerce prepared 7 Under what preseure 
is this gas condensed into a liquid 1 How many compounds of dilorine and oxygen are 
known 1 Do the compounds of chlorine and oxygen possess any value in the artsi I& 
what relation are the compounds of chknrine and oxygen interesting 1 
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TI.ds, the first is composed of 1 proportion of chlorinci 
coiobined to 1 of oxygen. The second, 1 of chlorine and 4 
of oxygen. The third, 1 of chlorine and 5 of oxygen. 
The fourth, 1 of chlorine and 7 of oxygen. 

The equivalent nunihers, therefore, for the first, is 36+8=» 
44 ; the second, 36-f^2»68 ; for the third, 36+40=»76 ; md 
for the foimh, 36-f 56»92. 

CHLORINE ANn NITROGEN. 

Chloride of Nitrogen — 158. 
4 p. Chlorine 144+1 p. Nitrogen 14. 

This curious compound was discovered by Dalong, a 
French chemist, in 1811. Chlorine and nitrogen have hot 
a very slight affinity for each other, but they may be made to 
combme, by passing a current of the first through a solution 
of nitrate of ammonia. (Nitric acid, it may be remembered, 
consists of the two elements, oxygen and nitrogen, and am- 
monia is composed of hydrogen and nitrogen. By the union 
of these two compounds, nitrate of ammonia is formed.) To 
prepare chloride of nitrogen, dissolve an ounce or two of the 
nitrate of ammonia, in 1 4 or 16 ounces of hot water, and when 
the solution has cooled to about 90 degrees, invert in the solu- 
tion a glass jar, with a wide mouth, filled with chlorine. The 
solution gradually absorbs the chlorine, and consequently, 
rises in the jar, at the same time acquiring a yellow color. 
In about half an hour, minute globules, of a yellow fluid, like 
oil, are seen floating on its surface. These, by uniting, ac- 
quire the size of small peas, when they sink to the bottom of 
the vessel. These globules are the chloride of nitrogen. 
They are formed by the decomposition of the ammonia, in 
the solution ; the chlorine combining with its nitrogen, and 
\ thus forming the compound in question. A cup of lead, or 

glass, should be placed at the bottom of the solution, and 
under fhe mouth of the jar, to receive the product. 

The chloride of nitrogen is the most violently explosive 
substance yet discovered, and should not be experimented 



••^ 



"Wbat is the atomic weight, or chemical equivalent of chlorine ? What are the namest 
and what the combining numben, of the four compounds of chlorine and oxygen t What 
is said of the affinity between chlorine and nitrogen 1 What is the composition of nitrate 
of ammmiia 7 How is the clUoride of nitrogen prepared 7 What chemical changes take 
place in the formation of chloride of nitrogen 7 What cautions are giyen with respect 
to experimenting on this compound 1 
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upon by the studenjt, in quantities larger than a mustard-seed 
at a time, and even in tins quantity, with great caution. Both 
its discoverer and Sir H. Efeivy, notwithstanding their expe- 
rience and caution as chemical experimenters, were seriously 
injured by its violence. At the temperature of about 200 de- 
grees, it explodes; and at common temperatures, when thrown 
on some combustible. When a small globule is thrown into 
olive oil, or spirit of turpentine, it explodes with such vio- 
lence as to shatter any vessel of glass in pieces. 

The violence of its detonation is owing to the great vo- 
lume of the products which are formed at the instant. The 
compound consists wholly of the two gases, chlorine and ni- 
trogen, condensed, and combined with each other. When, 
therefore, the explosion takes place, these two elements as- 
sume their gaseous forms, thus, in an instant, occupying a 
vast space, when compared to their former state. 

Chloride of nitrogen consists of 

1 equivalent of nitrogen 14 
4 do. of chlorine 144 



Making its number, 158 

IODINE — 124, 

The next simple substance we shall examine, is iodine. Its 
name signifies, in Greek, "violet colored," because, when in 
the state of vapor^ it is of a most beautiful violet color. 

Iodine was discovered at Paris by a manufacturer of nitre, 
in 1812. This substance is obtained from the ley made of 
the ashes of marine vegetables, or from the substance called 
kelp or barilla, which is an impure alkali, made during the 
manufacture of soda. The process is a? follows : * 

Dissolve the soluble part of kelp, or the ashes of sea-weeds 
in water ; concentrate the solution by evaporation, when crys- 
tals of carbonate of soda will appear, which must be sepa- 
rated. Then pour the remaining liquor into a clean vessel, 
and mix with it an excess of sulphuric acid. Boil this liquid 
for some time, and then strain it through a cloth. Put this 



At what temperature does this compound explode 1 What combtutible sabstanAs 
cause it to explode at common temperatures 1 Explain the cause of ita violent explosion. 
What are the combining numbers for its constituents, and also for the compound 1 What, 
does the name iodine eignify, and from what circumstance has it deriYOd ita name) By 
what prooesB is iodine prepared 1 What is the appearance of iodine ? 
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liquid into a small flask, aad mix with it a^ imch black ox-, 
ide of manganese by weight, as there was sulphuric, acid; 
then attach to the mouth of the flask a glass tube, closed at 
the upper end, and apply the heat of a lamp to the flask. 
The iodine will be -sublimed, and will attach itself to the tube 
in small brilliant scales resembling black lead. 

Iodine thus obtained is a friable solid, with a brilliant me-* 
tallic lustre, and bluish gray color. Its taste is hot and acrid, 
and it is sparingly soluble in water. It corrodes the cork of 
the vial in which it is kept, and escapes — is a strong poison 
when taken in large doses : but in solution with alcohol, 
which dissolves it freely, has been considerably used as a 
m«itoine. 

When heated in a retort to about 250 degrees, it evaporates, 
a^d fills the vessel with an exceedingly rich violet colored 
gas. As the retort cools, it again condenses in fine brilliant 
points resembling frost on the glass. If exposed to the open 
air it slowly evaporates, and if handled, it leaves a brown 
•tain on the fingers. 

Iodine resembles chlorine in smell, and in some of its pro- 
perties, particularly in destroying vegetable colors. Lake 
oxygen and chlorine, it is a non-conductor of electricity, and 
is ft negative electric. So far as is known it is a simple body. 
It has a strong attraction for the pure metals, and the simple 
non-metallic substances, such as sulphur and phosphorus. 
These compounds are called iodides. 

From experiments made by Dr. Thompson, the atomic 
weight of iodine is 124. 

The best test for iodine in its free state is starch, with which 
it forms an insoluble compound in water, of a deep blue co- 
lor. This test is so delicate as to indicate the most minute 
jjbrtion of starch in solution. -^ 

Iodine combines with hydrogen, oxygen, and chlorine, 
forming hydriodic acid, iodic acid, and chloriodic acid. Among 
these, the hydriodic acid, only, is of any importance or use. 



Wfasi are Its aensible propertiest ' What arc its useal What is the effect when k to 
heatad in a retort? When exposed to the openairwhatis the conaequenoe 1 In what 
mmeels does iodine resemble chlorine 1 What is its electrical state 1 Is iodine a simpla 
«r I eompoond body 1 For what substances has iodine a strong attraction 1 What b 
teaainic weight of iodine 9 What is the most deUcate test for iodine 1 
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IODINE AND HTDROOSN. 

Hydriodic Acid — 125. 
1 p. Iodine 124+1 p. Hydrogen 1. 

When iodine is heated in a porcelain tube with hydrogea 
gas, the two substances combine and form a compound in the 
form of a gas, which has acid properties, and which is rapidly 
absorbed by water. This is the hydriodic acid. 

This gas is without color, is very sour to the taste, reddens 
the blue colors of vegetables, and has an odor similar to 
muriatic acid gas. • 

It combines with alkalies, forming salts, called hydriodates. 

The discovery of iodine was one of the means of subvert- 
ing the former doctrine, that oxygen was the universal acidi- 
fying principle, the above instance showing that compounds, 
having all the properties of acids, are formed by the combi- 
nation of hydrogen with iodine. Several other instances of 
similar nature have been discovered, as in the case of mu- 
riatic acid. These instances appear, however, to be only ex- 
ceptions to a universal principle, oxygen being still the ac- 
knowledged^ agent by which most acids are formed. 

Hydriodate of Potash. This is given a place here, instead 
of among the salts, because it is the only salt of the kind to 
be described, and because, in manufacturing this compound, 
the method of obtaining the hydriodic acid is different from 
that ^tated above. It is the only hydriodate of any use or 
importance, and does not exist as a salt in a separate states 
but only in solution. 

In preparing hydriodate of potash for medicinal use» the 
preliminary labor of forming the acid may be dispensed 
with, and the salt in solution, may be formed by a very simply 
process, as follows : 

Add to a hot solution of pure caustic potash in water, as 
much iodine as it is capable of dissolving. This will forma 
solution of a reddish brown color, consisting of thdiiotiate 



How may bTdriodic acid be formed 1 What an Its sensible properties 1 What Up tli» 
sahs cidMd Which this acid forms with alkalies 1 How does thia acid demooMrata thai 
ozj^en is not the unirersal acidifying principle 1 Are there any other instances in which 
■n add is formed without oxygen 1 What is said relative Co these exceptions to a jgeneral 
prtneiplol Uftw Is thehy^riodaie of poMudi forawdl What doectfae nddishlttown i 
tion consist of 1 



*< 



172 BROMIIfS. 

9nd hydriodate of potash, together with an excess of firee 
iodine. 

Through this solation, a current of sulphuretted hydrogen 
ga$ is transmitted, until the free iodine and iodic acid are 
converted into hydriodic acid, changes which may he known 
to he accomplished by the appearance of the liquid, which 
will gradually lose its brown color, and become colorless and 
transparent. The solution is then heated to expel the re- 
mainmg sulphuretted hydrogen, and after being filtered, is 
pure hydriodate of potash, in aqueous solution. This solu- 
tion is considerably employed, as a medicine, in scrofula, and 
other glandular diseases. « 

BROMINE — 75. 

* • 

The name bromine is from the Greek, and signifies a 
•* strong, or rank odor." 

Bfomine, after undergoing various and multiplied tortures, 
by-i^sans of the most powerful decomposing agents, is ar- 
ranged as an elementary body, having endured fire, galva- 
nism, &c., without loss of integrity. 

It was discovered by Balard, of Montpelier, in 1826, and 
like iodine, exists in the ashes of marine vegetables, and also 
in sea water. 

The process of extricating it is too intricate to be detailed 
in this work, nor would it ever be undertaken by pupils in 
chemistry, for which this book is designed. 

Bromme is a fluid of a hyacinth red color, when vtewed 
by transmitted light; but of a blackish red, when seen in the 
ordinary manner, or by reflected light. Its odor resembles 
that of chlorine, but is much more disagreeable. Like iodine, 
it corrodes wood or cork, and stains the fingers of a yellow- 
ish hue. Its specific gravity is 3. It is a strong poison. 
It is volatile at common temperatures, and emits red vapors 
similar to those of nitrous acid. 

A lighted taper is soon extinguished by it, but beforergoing 
ouLit bums with a flame w^hich is green at the base and red 
at Ine'op. 



How is it known when a sufficient quantity of sulphufttted hydrogen has been 
through the solution of iodine ? What is the use of the hydriodate of potash Y What 
does the name bromine signify t Is it an etement, or a compound I In what anhmnm 
doeaitezjsti What is the appearance of bromine 1 lu what mpedi ia it aimilurl* 
iodinel 
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Bromtiie does nottum^blue vegetable coloiuf red, but like 
chlorine^ destroys them. 

From these properties it will be observed, that this neW^ 
substance has many characters in common with iodine and 
chlorine. 

Bromine combines with oxygen,diydrogen,» and chlorine^ 
but these compounds are little known, and of no interest ex- 
cept to professed chemists. 

Its equivalent number, as seen at the head of this section, 
is 75. 

Fluoric Acid — 10. 

It is a singular circumstance in chemistry, that the base of 
the fluoric acid has never been detached from the acid 
itself^ notwithstanding every effort has been made on the 
part of the chemists to effect a separation. It will be re- 
membered, that all the other acids consist of a base united to 
an acidifying principle, and thai the two elements have been 
examined in separate states. Thus, sulphuric acid consists 
of sulphur and oxygen ; carbonic acid, of carbon and oxy- 
gen, &c. /: . > 

The base of this acid, however, has been named jfettoriiMy 
but whether this is united to oxygen, as the acidifying prin- 
ciple, oi^whether such a base exists or not, is unknowO Flu- 
oric acid musC therefore, at present, be examined as a simple 
body, or in connection with substances to which it unites. 

This acid exists in nature in considerable quantities, being 
^und combined with lime]) forming the salt called jlvMe of 
lime,\)Ui more commonly known under the name of Derbtf shire 
spar. This latter substance is found crystallized, and of va- 
rious colors intermixed, forming, when polished, one of the 
most beautiful productions of the mineral kingdom. It is in 
common use, for vases, candlesticks, snuff-boxes, &c. 

To obtain fluoric acid^a quantity of fluate of lime is pow- 
dered, and submitted to the action of twice its weight of strong 
sulphuric acid, in a retort of lead. On the application of a 
gentle heat to the retort, the acid distils over, and must be 
received in a leaden vessel. , 



In what rMpeot does it resemble chbjlne in properties 1 What is the equivalent nam- 
tier of bromine 1 lias the Inse of fluoric acid ever been detached from the acid IimJM 
ii the same true of any of the other acldsl Wha: is the base of fluoric acid called I ll 
It known that any such baseexiata? What natuxal aubetaooe oontaias flnorie adM 
How is fluoric acid obtained from fluate of lime 1 

15* 
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^' <0* - The retort, tnd recervar. Fig. 

59* made of aheet lead, and 
soldered together on the edges, 
and the juncture between th^m 
stopped with a lute of clay, will 
answer very well. Th$ white fluor must be selected for this 
purpose, as being most pure. It is first put into the retort, 
the acid poured in, and then connected with the receivBT, 
which must be surrounded with a mixture of common salt 
and snow, or powdered ice. 

Fluoric acid, at the temperature of 32^, or the freezing 
point/'is a colourless liquicCand will retain its liquid state, 
jf preserved in well sto^^d^vessels, when the temperature is 
60^, But if exposed to the air when the temperature is 
above 32°, |it flies off in dense white fumes^ which consist rf 
the acid, and the moisture of the air witn which it com- 
bines. 

No substancp with which we are acquainted has so strong 
an affinity for water as fluoric acid. ^ Its liquid state appears 
to be owinff'to the water which is ^stilled over from the sul- 
phuric acid during the process of obtaining it, and no process 
yet devised has succeeded in freeing it entirely from mois- 
ture. When a single drop is let fall into water, a hissing 
noise is produced, like that occasioned by the plunging of a 
red hot iron into the same fluid, such is the <heat produced 
by its combination with water. 

^n experimenting with this fluid, the utmost caution is ne- 
cessary ; for no substance so instantly and effectually disor- 
ganizes the flesh, and produces such deep and obstinate ulcers, 
as this, ^he least particle would inevitably destroy an eye, 
or create an obstinate ulcer on any other part) 

Fluoric acid h^ the singular property offcorrodin^ glass, 
and may be used for this purpose in the fluid state, as above 
described, or in the gaseous form, the latter of which is com- 
monly the most convenient. 

Any design may be etched on glass, by the following sim- 
ple method : 

^irst, cover the glass with a coat of bees wax, or engravers^ 



What is the appeannoB of fluoric acid at the tempentur» of 32 degxtesi Wlwtiiiai 
appearance when exposed to the open air, at a temperature abort 32 d^greeel What it 
«aid of the affinity of thia singular acid for wstef 1 Wh^ is nid of the actwa of th^ 
iKld on the flesh? What is said of the action of Aioric acid on' glass Y DeacriteUki 
inechod of making dstigns on i 



ilRVnifllt If .w$^ 18 used, it must be spread orer the surfrce 
M tkin as possible. This is done by aeatiuff the glass over 
a lamp, ana at the same time rubbing it with wax. A thin 
and even coat m&y thus be obtained. 

Next draw the design by cutting the wax with a sharp 
pointed instrument, quite down to th^ glass, so that every line 
may leave its surface naked ; otherwise the design will be 
spoiled, since the' acid will not act through the thinnest film 
of the wax. A large needle answers for a graver for this 
purpose. 

Having made the design,. the etching ^s done by placing 
die glass in a horizontal position and pouring on the liquid 
acid.3 But a simpler metnod is the temporary extrication of 
the gas from the fluor spar, for the occasion. Foi this pur- 
pose, take a lead or tin cup, large enough to include the 
ngures on the glass, the lower the better, and having placed 
on its bottom a table spoonful of powered sp^r, pour on it a 
quantity of strong sulphurio ftcid sufficient to form a paste. 
Then place the glass on the cup, as a cover, with the etching 
downwards, and set the cup in a dish of hot water, or apply 
to it the gentle heat of a lamp, taking care not to melt the 
wax. In twenty or thirty minutes the etching will be finished, 
and the wax may be removed with a little spirit of turpen* 
tine. In this manner, figures of any kind may be perma* 
nently and beautifully done on glass. 

COMBINATIONS OF SIMPLE NON-METALLIC COMBUSTIBLB8 

WITH EACH OTHER. 

CARBON AND HTDBOOEN. 

Carburetted Hydrogen — 8 
1 p. Carbon 6+2 p. Hydrogen 2. 

Light Carburetted Hydrogen. 

This gas has also been ceLY^i^kydro-ear buret, and heavy 
inflammabk airj 

' ^ exists in every stagnant pool of water, especially during 
the Warm seasorL being generated by the decomposition of 
vegetable product^ • / 

To obtain it from such places, jHH a glass jar with water. 



AHer tlie dealgn is formed, in what manner is tho etching done 1 What are the naxxMi 
voder ntleh cArbttrettod hydrogen haajwen knowa Y la wkat placa haa thia fMbetii 
Cnrmad hf the apmlion of nature t 



aail nvcft it in a stagna&t pool or dkch; ^en stir ^ mtld 
VBider it with a ifick, and the gas will rise anddisplaee iImb 
water in the jar^ To preserve it for examination, sitae a 4iis^ 
under the mouth of the jar while in the water, and th^i 
carefuil J raise, and carry the whole to the place of experi- 
ment. 
' The gas so obtained is found to contain a proportion of 

/carbonic acid gas^which may be removed by passing it 

^through lime water 

Thw gas is composed by weight of 

1 equivalent of carbon -6 

2 do. of hydrogen 2 

/ - i 

\It is immediately destructive to animal life, and will not 
support combustion^ It is- highly inflammable, and bums 
with a yellowish blue flame, but (owing to the carbon it con* 
tains, it gives considerably nlore light than pure hydrog^ 
Mixed with atmospheric air, like hydrogen, it detonates 
powerfully when inflamed. When burned with oxygen, th^ 
pr^uct of the combustion is water and carbonic acid. 

^here appears to be several varieties of h'ght carbUretted 
hydrogen^ or perhaps the difference may depend on a mixture 
of the light and heavy kinds^ If a volume of steam be sent 
through a red hot gun barrel filled with charcoal, the gas 
obtained differs little in its illuminating powers from that ob* 
tained from stagnant pools. Nor is there any material dif- 
ference between these and that evolved by tne burning of 
common wood, such as maple or beech, in a gun barrel. But 
if pine wood containing turpentine, be heated in the same 
manner, the gas obtained has much greater illuminating pow- 
ers, the brilliancy of the flame being nearly equal to that of 
oil gas. Now as by analysis there appears to be only two 
kinds, or varieties, of carburetted hydrogen ; in the first of 
which there is but one proportion, and in the secopd two 
proportions of carbon, it is most probable that these different 
powers of illumination depend on a mixture of the two gases. 



How may H be obtained from stagnam pods of water ? What gas is commoiilj fbontf 
mixed with this 1 What is the atomatio composition of carburetted hydrogen 1 Bow 
does it afRsct animal life and combustion 1 When burned, why does this gas gire a 
stronger light than pure hydrogen 1 What is said concerning the sefveral varieties of G«^ 
boretted hydrogen. 
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This gas sometimes e^dsts in large quantities in eoal mia6(L 
and is known by the miners under the name of ffire-dampj 
The most shocking accidents have often occurred m coiise* 
quence of the explosion of this gas in the mines, when mixed 
with atmospheric air. In some mines, this gas flows from the 
coal beds in vast quantities, (being obviously the product of 
the decomposition of water by the coal/ But in what manner 
the water is decomposed, is unexplained. Did the process 
consist in the formation of sulphuric acid, in consequence of 
the oxygenation of the sulphur, and the subsequent action of 
this acid on the iron, of the sulphuret of iron, there would be 
formed sulphuretted, instead of carburetted hydrogen. 

There are no facts, it is believed, which warrant the suppo- 
sition, that inordinary cases, the decomposition is consequent 
upon the heat, or ignition of the coal. Possibly in such vast 
bodies of coal as are found to exist in some mines, the water 
is slowly decomposed, by gradually imparting its oxygen to 
the carbon, without the aid of heat. 

We have already stated, that when carburetted hydrogen is 
mixed with atmospneric air, and inflamed, a violent explosion 
is the consequence. In the coal mines of England, the mix- 
ture of atmospheric air and the gas in question, often produ- 
ces such an explosive compound. It appears that the miners 
hare no certain means of ascertaining the presence of this 
gas, probably because, being: msich-^hter iht^n tbg fttmoa- 
pheric air, it at first rises to the roof of the mine, and then 
gradually descends towards the floor. As the miners work 
entirely oy the light of lamps, one of which is sufficient to 
set fire to the explosive compound existing throughout the 
whole cavern, it is obvious, that as soon as the hydrogen has 
mixed with the air near the floor of the ipine in the explod- 
ing proportions, it must inevitably take fire. It can readily 
be imagined, particularly by those who have witnessed the 
detonation of a pint or two of this compound, that a quantity 
covering many acres of surface, and extending upwards in 
some places, at least, several hundred feet, must produce the 
most awful consequences. 



Under what name ia this gas known, when it occurs in coal mines 1 In what manner 
is this gas formed in coal beds 1 What are the remarks on this subject 1 What is the 
(WMsquence, when this gas is mixed with atmospheric air and inflamed 1 In what aitua* 
dona is it said that explosive compounds are thus formed f What is the reason that tht 
adnanan not awan of the ezistaiic^ of this compound until tl|t whoje takM fiifl 
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Such axplosioAs have often taken pkee intiii&ico&l-iximes 
in difierent parts of England That which hiappened in> 
mme called Felling colliery, in Northumherland, on the2dih 
of May, 1812, was attended with the loss of (92 live^and 
spread poverty and wretchedness throughourthe whole dis- 
trict. Most of these men had wives and children, who de- 
pended entirely on their daily labor for support, and who, 
in addition to the loss of their husbands and fathers, by so 
sudden and awful a death, were in a moment deprived of the 
means of subsistence. 

This mine had been wrought a century or more, and only 
a single accident from fire-damp had before happened, and 
this was so trifling, as only to slightly burn two or three 
workmen. Twenty-five acres of coal had been excavated in 
this mine, and the number of men employed under ground, 
at the time of the accident, was 128. The explosion took 
place between the hours of 1 1 and 12 in the morning. The 
fire was seen to issue from two shafts leading to the mine, 
and called William and John, and at the same instant, the 
noise of the explosion, which was heard three or four miles, 
and the trembling of the earth, showed that an awful acci- 
dent had happened there. 

The force of the expanded gas was such as to throw from 
the two shafts immense clouds of dust, and small coal, which 
XOSe high in the air, and aUo pieces of weed ti»d wtnlastg 
implements, which fell back near the shafts. As soon as the 
explosion was heard, the wives and children of the coliiezs 
came by hundreds to the place. But not a single person 
who was in the mine during the accident, was to be seen. 
Terror and dismay was pictured on every countenance; some 
were crying out for a father, some for a son, and others for 
a husband. 

The machinery for entering the mine, being shattered by 
the blast, it was at first impossible to go down, but the urgency 
of the occasion soon impelled those present to find the means 
of entering the shaft ; and in about half an hour from the 
time of the explosion, 32 persons, all who remained alive out 
of 121, who were in the mine, were brought out. It appear- 
ed that of the whole number of the workmen, seven had 
come up, on different occasions, before the explosion, and 
were unhurt. The wives and children pf those who were 
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)qiiiwa to be still in the mine, waited in a most heart-rendrnff 
state of anxiety, and those who had their friends restore^ 
seamed to suffer nearly as much from excess of joy, as they 
had before done from suspense and grief These hurried 
away with their friends from the dismal scene, while those 
who were still in suspense, or whose hopes ended in the 
dreadful certainty that their husbands or fathers were indeed 
among the dead, still lingered about the place, silently endu- 
ring the torture of a forlorn hope, and uttering cries of agony 
and despair. 

As the fate of many of the men was still uncertain, because 
they were in difierent parts of the mine, from those who had 
been found alive, the exertions of those above were unremit- 
ted, and in the course of an hour or two, many hundred peo- 
ple had collected around the shafts, all anxious to do every 
thing in their power for the sufferers. But it was soon found- 
that the pit in some places was still on f re, the gas probably 
continuing to bum as it was extricated from the coal. Jt was 
also found by those who attempted to descend, that where 
the mine was not on f re, it was filled with carbonic acid gas, 
the product of con^bustion, and that therefore it was impossi- 
ble for any person to make further examination without in- 
e?itable doath. Conjsequently all hope of finding any of the 
unfortunate persons alive, who were still in the mine, was 
abandoned, and it waa proposed that the shafts should be 
closed, in order to extinguish the fAe. But the wivies and 
children of the suffer^s, distracted at the idea of seeing their 
frieffuk buried aliye, and still entertaining hopes of their re- 
covery, made the most pitiful importunities against #qch a 
courae, while others became frantic with rage, and accused 
those of murder who proposed it The owners of the mine, 
therefore, in mercy to the feelings of these distracted ,wridow8 
and orphans, waited until all were satisfied that no hopes re- 
ipain^ of ever again seeing their friends alive, when tjie two 
shafts were closed with earth. 

To insure the extinguishment of the fire, the mine was kept 
closed from the 27th of May until the 8th of Juljr, on which 
day it was again opened and ventilated. On this occasion, 
die lamentations of the widows and orphans was again re- 
new^ed, and such was the crowd of people that assembled on 
the spot, some urged by feeling, and others by curiosity, that 
constables were in attendance to preserve order. Those who 
descended to search for the remains of these unfortunate suf* 
f*:rers, found no difficulty in breathing the air of the mine, 
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but were struck with horror at the sceue of destmetion aad 
mutilation which the explosion had occasioned. 

The search continued until 4he 19th of Septemher, wbea 
91 hodies had been found, brought up, and interred, bat the 
92d never was found. 

We have been thus particular in describing a single in^ 
stance of the awful effects of the fire damp in mines, that the 
read^ might fully appreciate the safety-lamp, an invention 
made by Sir Humphrey Davy, expressly for the purpose of 
preventing such explosions, and which has proved comjdetely 
successful. 

Before the invention of this lamp, such explosions were 
more or less common, and all the mines were subject to them, 
though none has been attended with suchrdestruction to hu* 
man life, as that of Felling colliery. In| 1815, such an oc* 
currence happened in a mine at Durham, and destroyed 57 
persons, and in another mine, 22 persons were kiUed in the 
same manner. 

The invention of the safety-lamp was not owing to accident, 
but is the result of inquiries undertaken and pursued expressly 
for the purpose of protecting the miners from such horrible 
accidents as we have d^cribed above. 

6ir Humphrey Davy; commenced his inquiries, by deter- 
mining the proportions in which carburetted hydrogen and 
atmospheric air, in mixture, produce ex]^osions ; and found, 
that when the gas is mf^ed with thre^ or four times its vol- 
ume of air, it does not explode at all. S^hen mixed with five 
or six times its bulk of air, it detonates, feebly, but when the 
air is in the proportion of seven or jeight times the bulk of the 
gas, the explosion is most powerful); and with fourteen times 
its volume of air, it still explodes,^hough slightly. He also 
found that the strongest explosive mixture would not take fire 
when in contact with iron heated to redness, or even to white- 
ness ; while t^e smallest point of fiame, owing to its higher 
temperature, caused an instant explosion. 



What other accidents of the eaine kind are noticed 1 Does it appear that all ezearaled 
ceal mines are liable to such accidentsi 1 Who invented the safetylamp, which prolscta 
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carburetted hydrogen and common air exploded with the least force, and in what pro- 
portimui with the greatest force 1 What did Sir H. Davy diacover in raqpect to tba ttm^ 
muDication of flame through narrow tubes 7 
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Bat the most important step in this inquiry was deduced 
from the &ct that/&une cannot be communicated through a 
narrow tubei The fact itself was known before, but Sir H. 
Davy discotired, that the power of tubes, in this respect, is 
not necessarily connected with their lengths, and that a short 
one is as efficacious in preventing the transmission of flame, 
as a long one, provided its aperture be reduced in proportion 
to its length. Pursuing this principle, he found that fine 
wire gauze, which may l>e considered as an assemblage of 
exceedingly short tube^ was totally impermeable to flame : 
and on making the experiment, it was found that a lighted 
lamp, when completely surrounded with such gauze; might 
be introduced into an explosive mixture, without setting it 
on firej 

Thus the means of preserving the miners, a most useful 
and laborious class of people, from the dreadful eflects of the 
fire-damp, was at once developed. It only became necessary 
to surround their lamps with a fine net work of brass wire, to 
insure their safety from explosion. This lamp also indicates 
the existence of danger ; for when the fire-damp in the mine 
is in a highly explosive state, it takes fire within the gauze, 
and burns there, while the light of the lamp itself is unseat 
When the miners observe this indication of danger, they in* 
stantly leave the mine, for although the flame within the 
gauze will not communicate with the explosive mixture on 
Sie outside, while the gauze is entire, yet as a high degree of 
Fig, 60. teat would he kept up by the combustion 
within the lamp, $he wire would soon be- 
come oxidated, and ^rhaps &11 in pieces; 
when an instant explosion would be the 
consequence. 7 

The safety lamp is represented by Pig. 
60. The cistern a holds the oil, and is in 
all respects a complete lamp, with a spout 
at the side, for feeding it. On the top of 
this is set the cylinder of wire gauze, ^ sup- 
ported by three iron or brass rods, to whidi 
is connected the disc, or cover c, and to 
the cover, the ring, or handle by which 
the whole is carried. The drawing d^vi^ 
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piece of wire passing through a tube, Bhowing the manner in 
which the lamp is trimmed, and the wick raised, without 
making any dangerons communication between the outside 
and inside of the lamp. This tube passes through the cis- 
tern containing the oil. 

The reason why the wire gauze obstructs the communis 
cation of flame is easily explained. We have already stated, 
that according to the experiments of Sir H. Davy, the heat of 
flame is greater than that of a metal heated to whiteness, for 
the former occasioned a mixture of air and gas instantly to 
explode, while the iron, though white hot, produced no enect. 
Now the metals are all rapid conductors of heat ; when, there- 
fore, the flame comes in contact with the wire, its tempera- 
ture is so reduced by the conducting power of the metal, as 
to be incapable of setting fire to the gas which is on the out- 
side. Any one may illustrate this principle, by holding a 
piece of wire gauze over the flame of a lamp, and' then bring- 
mg his hand over this, as near the lamp as he can bear. Now 
on removing the gauze, he will find that he cannot for an in 
stant bear the additional heat. 

Bicarburetted Hydrogen — 1 4. 
2 p. Carbon 12+2 p. Hydrogen 2. 

Olefiant Gas. 

To prepare this gas, bux in a capacious tubulated retort, 
three measures of alcohol, with eight measures of undiluted 
sulphuric acid, and then apply the heat of a lamp. This 
mixture turns black, swells, ana emits bubbles of gas in almn- 
dance, which may be collected ovei water, in the same man- 
ner as described for hydrogen. 

Alcohol is composed of carbon, hydrogen, and oxygen. 
During this process, the oxygen of Hhe sulphuric acid appears 
to combine with a part of the carbon of the alcohol, in con- 
sequence of which, sulphurous acid gas is evolved, and the 
hydrogen is set free. At the same time, the hydrogen com- 
bines with another portion of the carbon, and escapes in the 
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foim of bicarburetted hydrogen. Or perhaps the evolution 
of the olefiant gas is owing to the strong attraction which the 
sulphuric acid has for the water which the alcohol contains, 
and by combining with which, the hydrogen and carbon are 
liberated. 

Olefiant gas is colorless and elastic. It possesses no taste, 
and when pure, little smell, though, when not purified, it has 
a faint odor of ether. When mixed with oxygen and in- 
flamed, it explodes with violence. 

This gas is a little lighter than atmospheric air, 100 cubic 
inches weighing 29.64 grains. The weight of carbon in this 
composition is 25.41 grains, and the weight of hydrogen 
4.23 grains. 

Olefiant gas, therefore, consists of 

Graina 

Carbon, by weight 24.31, or two atoms, 12 
Hydrogen, do 4.23, or two atoms, 2 



29.64 14 

This gas may be decomposed, by passing it through a red 
hot porcelain tube, one proportion of carbon being deposited* 
in consequence of which, it is converted into light carburetted 
hydrogen, which, as we have already seen, contains only 1 
proportion of carbon to 2 of hydrogen. 

Gas Lights. 

The olefiant gas, when pure, (with perhaps a single ex- 
ception) gives the most brilliant and intensely luminous flame 
of any known substance. The illuminating powers of other 
gases depend chiefiy, if not entirely, on the olefiant gas they 
contain. In all ^ases, the light of any inflammable gas /is in 
exact proportion to the quantity of carbon it contains. 

The flame of pure hydrogen scarcely gives suflicient light 
to show the hour on a watch dial. When combined with one 
proportion pf carbon, forming carburetted hydrogen, its light 
is greatly increased, and when combined with another pro- 



What are the chemical changes which talce place during the production of olefiant gas 7 
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S^rdoiL Its light becomes perfectly fitted for the purposes ci 
umination. 

Gas light, for the purpose of illumination, was first made 
and employed by Dr. Clayton, an Englishman* in 1739, but 
from some unknown cause, was given up, and neglected for 
sixty years afterwards. At length, Mr. Murdock instituted 
a series of experiments on the subject, and the gas distilled 
from coal, began to be used, on a small scale, for lighting 
different factories in the vicinity of London. 

From that period, which was about 30 years since, gas 
lights obtained from coal, or oil, have gradually come into use, 
for the purpose of lighting streets, shops, ana manufactories, 
in all parts of Great Britain, and is, at the present tune, in 
conmion use on the continent of Europe, and in several parts 
of America. 

For many years, the gas lights of London, and other parts 
of England, were supplied entirely by the distillation of bitu- 
minous coal ; but more recently, many of the gas works, in 
different parts of that kingdom, obtain their lights from oiL 
In this country, also, oil gas is chiefiy employed 

In respect to the advantages of gas, on the morals of soci- 
ety, in great cities, Mr. Gray, in his Operative Chemist, says, 
"From the more brilliant manner in which our streets (those 
of London) are lighted by gas, than they ever were or could 
be, by oil or tallow, there is a greater degree of security, both 
in person and property, for every class of honest men Crimes 
cannot now be committed in darkness and secrecy : and as 
the risk of detection increases, the temptation to guilt is di- 
minished, and thus coal gas, by the brilliant light it sheds on 
our streets, has worked, and is now working, a moral reform- 
ation. The house-breakers and pick-pockets dread the launps 
more than the watchmen, and a more efficacious measure of 
police was never introduced into society, than that from gas 
liglUs." 

Oil gas is obtained by distilling impure whale or other oil, 
in large cylindrical cast iron retorts. From four to six such 
retorts, which, in appearance, resemble 24 pound cannon, are 
placed across a furnace built of brick, and are all heated by 
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the same fira These are half filled with pieces of brick, or 
iron, in order to increase the surface, and thus to eflbct the 
decomposition of a greater proportion of the oil. The oil is 
contained in a reservoir placed so high as to run to the re- 
torts through a tube, of which each retort has a separate 
branch. The oil is admitted into the retorts on the outside 
of the furnace, the quantity being regulated by a stop-cock, 
with which each is furnished. On the opposite side of the 
furnace, the gas is conducted from each retort by separate 
tubes, which afterwards join in a common tube of larger size, 
and thence is conyeyed to the gasometer. The oil is admitted 
into the retorts in a very small stream, or sometimes only bj 
drops, and is decomposed, and converted into gas as hk as 
it runs in. 

In large works, the gasometer is of immense size, being 
30 or 40 feet in diameter, and 15 or 20 feet high, and capa^ 
ble of containing from 12, to 20,000 cubic feet of gas. 

This is made of sheet iron, suspended by a chain, over a 
pulley, and counterbalanced by weights on the other sida 
This falls into a tank, or cistern, held together by iron hoops* 
which are drawn with great force around it by means of 
screws. The tank being filled with water, the gasometer is 
let down into it, while the air escapes by opening a valve in 
its top. When the air is all excluded the gas is conducted 
into the gasometer by a pipe coming from the retorts, and 
opening under the water. As the gas rises through the water* 
the gasometer is buoyed up, and rises also, and thus the vessel 
is filled with infianmiable gas instead of air. 

From the gasometer, which is the great fountain, the gas 
is conducted by one large iron pipe, laid under ground to the 
place or street where it is burnt. It is then conducted in 
smaller pipes through the difierent streets, and firom these 
pipes it is conveyed to the houses and shops by small tubes; 
and tubes of still smaller size convey it to the oumers where 
the lights are wanted. 

Rosin has lately been used instead of oil, and is said to yield 
a gas fully equal in quality to that of oil, and at a much less 
expense. 

As the burners are stationary, in the ordinary mode of light- 
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ing with'ga8,thflte exists an inconvenienca in its emplqjrment 
. for the purpose of common household illumination, where 
the lights are often necessarily carried to different parts of a 
room, or from one room to another. There is also another 
inconvenience, which arises from the expense of laying con- 
ductors through streets where the houses are scattered and 
consequently, where but a small quantity of the gas is want- 
ed. To remedy these defects in the ordinary method of light> 
ing with gas, it has, within a few years been proposed to con* 
dense the gas in strong copper, or brass lamps, at the gat 
works, and then transport them thus filled, to the houses, to 
supply the place of common lamps. This is distinguished 
hy ue name portable gas, and has been, and it is bekeved is 
aull extensively, employed in London and its vicinity. 

To fill these lamps, there is provided a long iron pipe, at 
one end of which is a forcing pump, which is also connected 
with another pipe leading from the gasometer, to the pump 
through whicn the gas is conveyed. The long pipe is frir- 
nished with short tubes placed at convenient distances apart, 
and communicating with its inside, 'fheae tubes are cut with 
•crew threads, which fit the screws at the bottoms of the 
lamps, and on which these vessels are screwed, to be filled. 
Xhus by working the forcing-pump, the gas is brought from 
the gasometer, forced into the pipe, and from the pipe into 
the lamps, so that many are fiUea at the same time. There 
is a mercurial gauge connected with the pump, by which its 
pressure is shown, and consequently by wnich the amount of 
condensation of the gas in the lamps is indicated. The flamer 
in burning the gas, is regulated by turning a small screw, and 
the gfus is prevented from escape at the bottom by a valve, 
and another screw. 

The gas obtained from oil, is much purer than that obtain- 
ed from coal. The latter cannot be burned until it is purified 
by being passed through lime water, in order to deprive it of 
the carbonic acid, and other impurities ; but the oil gas does 
not require any such process, being fit for use as it passes from 
the retort 

The illuminating power of the oil gas is also much greater 
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dmn th^ of coal gaak According to the experiments of Mr. 
Accom, two cubic feet of coal gas will bum one hour, and 
giye a quantity of light equal to three tallow candles, eight 
of which weigh a pound. But according to the experiments 
of Mr. Dewey, superintendent of the gas works of New- 
York; one' cubic foot of oil gas will give light for one hour, 
equal to 8 candles, 6 to the pound. This agrees very nearly 
with the result of Mr. Ricardo's experiments, who found that 
a given quantity of oil gas was equal in illuminating power 
to four times the same quantity of coal gas. One gaflon of 
clean whale oil will make 100 cubic £eet of gas, which, ac- 
cording to the above statement will burn 100 hours, and give 
as much light as 8 mould candles, 6 weighing a pound. Such 
an immense difierence between the cost of gas, and other 
lights, would seem to indicate the propriety of establishing 
gas works in every village. But the expensoi of erecting 
and tending small establishments of this kind, are such as not 
to yield any considerable profit to the owners. In this coun- 
try, where 2,000, or 2,500 lights are wanted in a compact 
town, perhaps gas works, might be maintained. The ex- 
penses of erecting such works would be not hi from the fol* 
lowing, viz. 

2i miles, 3 inch main pipe^ $7,500 

Gasometer and tank, 3,000 

Refrigerator and connections, 1,500 

One bench retorts, 6 in number, 3,000 
Labour to erect the works 8,000 

17,500 

BTDROGBN AMD SULPHUR. 

Sulphuretted Hydrogen. 17. 
1 p. Sulphur 16+1 p. Hydrogen I. 

This gas may be procured by placing in a retort some sul* 
phuret of antimony^ or iron, and pouring on it sulphuric or 
muriatic acid. The sulphurets of these metals may be pre- 
pared by heating either of them, in filings or powder, with 
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sulphur; or the natural sulphurets may be employed. The 
chemical chansfes concerned in the formation of this gas, are 
aa follows. The oxygen of the water which the acid con- 
tains unites with the metal of the sulphuret, which metal is 
then dissolved by the acid. Thus, the hydrogen of the water, 
and the sulphur of the sulphuret, are both set at liberty, and 
having an affinity for each other, they combine, and escape in 
the form of sulphuretted hydrogen. 

Sulphuretted hydrogen, is a transparent, elastic gas, which 
both to the taste and smell, is exceedingly unpleasant and 
nauseous, its odor being similar to that of putrefying e^gs. 
Under a pressure of 17 atmospheres, that is, under a weight 
equal to 255 pounds to the square inch, this gas is condensed 
into a colorless liquid, but again assumes its gaseous form, 
when the pressure is removed. 

This gas is instantly fatal to aaimal life, when pure, and 
even when diluted with 1500 times its bulk of air, has been 
found so poisonous as to destroy a bird in a few seconds. 
Like hydrogen, it instantly extinguishes flame, but is itself 
inflammable and bums with a pale blue flame. The products 
of its combustion are water and sulphuric acid. The compo* 
sition of this gas being hydrogen and sulphur, the water form- 
.ed during its combustion is the product of the union between 
the hydrogen, and the oxygen of the atmosphere, during the 
act of combustion ; while the sulphuric acid is formed, by the 
union of the oxygen of combustion with the sulphur. 

Sulphuretted hydrogen tarnishes silver, and even gold, and 
blackens paint, made with preparations of lead. This gas is 
often generated curing the decomposition of animal products, 
in sink drains and ditches, and hence the paint of wnite lead, 
about such places often becomes black in consequenca 
Eggs contain a small quantity of sulphur, which on boiling 
is converted into sulphuretted hydrogen, and hence a silver 
spoon is instantly tarnished by coming in contract with a 
boiled egg. 
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The cQmposition of sulphuretted hydrogen by weight, is as 
follows : 

100 cubic inches of this gas weigh 36 griuns. 
This is composed of sulphur, 33.89 do. 

do. do. of hydrogen, 2.11 do. 

36.00 

BTDROOEN AND PHOSPHORUS. 

Phosphuretted Hydrogen — 13. 
1 p. Phosphorus 12+1 p. Hydrogen 1. 

This compound consists of hydrogen, in which is dissolved 
a small quantity of phosphorus. It may be formed in several 
ways. One of the most siaiple is the following : Into five 
parts of water put 15 or 20 grains of phosphorus, cut into 
small pieces. It must be cut under water to prevent its tak- 
ings fire. Then add one part of granulated zinc, and pour in 
three parts of sulphuric acid. 

The gas will instantly rise through the water in small bub- 
bles, and will take fire spontaneously on coming in contact 
with the air. Each bubble as it takes fire will form a hori- 
zontal ring of white smoke, which will gradually enlarge as 
it rises, until lost in the air. The cause of this curious ap- 
pearance is owing to th^ formation of a small quantity of phos- 
phoric acid by the combustion of the phosphorus, and which 
naving a strong affinity for moisture, attracts it firom the at- 
mosphere, and thus forms a little ring of dew, which is visi- 
ble to the eye. 

Phosphuretted hydrogen may also be obtained by placing 
some pieces of phosphuret of lime in water, when the gas wiD 
be extricated, and will rise through the water as above de- 
scribed. [See Phosphuret of Lime.] 

This gas detonates wilh great violence when mixed with 
oxygen, and forms a dangerous explosive compound with at- 
mospheric air ; consequently much caution is required in 
making experiments with it. 

When a bubble of phosphuretted hydrogen is allowed to 
mix with oxygen, a flash of the most vivid light is spbntane- 

What is the composition of 100 cubic inches of this gas hj weight? How is phos- 
friiQxetled hydrogen fordaedl What singular property does this gasposnss? How is 
the ring of white smoke aooonnted for, which rises after the combustion of a bubble of 
ihiagaal With what suManoea does phosoliiixvtted hydrogen affocd daogeroiu detomi' 
ting eompoundi 1 
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ously proanced, which, in a darkened room, resembles light- 
ning. The safest method of performing this beautifiil ex- 
periment, is to let up into a small strong bell glass, or a thick 
fflass tube, a few ounces of oxygen gas. Then, having col- 
lected a little of the phosphuretted hydrogen in a small vial, 
hold the bell glass in the left hand, with its mouth under wa- 
ter, and with the right hand manage the vial, so as to let only 
a single huhble at a time escape into the oxygen. The deto- 
nation of each bubble will produce a considerable reaction on 
the bell glass, which will be felt by the hand. But if the ex- 
periment be performed as described, there will be no danger 
of an explosion. 

The gas above described is called per-phosphuretted hydro- 
gen^ denoting, as already explained, the highest degree with 
which one body unites with another. * It is so called to dis- 
tinguish it from the prot<hpho$phureited hydrogen, which con- 
tains only half the quantity of phosphorus, and is a much less 
interesting compound. 

Per-phosphuretted hydrogen consists of 

1 equivalent of phosphorus, 12 
1 do. hydrogen, 1 

13 

NITROGEN AND CARBON. 

Carburet of Nitrogen — ^26. 

2 p. Carbon 12+1 p. Nitrogen 14. 

Cyanogen. 

By boiling together red oxide of mercury and prussian blue 
in powder, with a sufficient quantity of water, there may be 
obtained a compound which shoots into crystals, and which 
was formerly called prussiate of mercury, but is now known 
by the name of cyanuret of mercury. 

When this salt is heated in a retort, it turns black, the cy- 
anogen passes over in the form of a gas, and the mercury is 
revived, or assumes its metallic form. 

This gas has a pungent, disagreeable odor, burns with, a 
purplish blue flame, extinguishes burning bodies, and is re- 
duced to a liquid under the pressure of about three and a half 
ntmospheres. This gas must be collected over mercury. 

What diraetlons ara givw for admittiiv bubblaa of tbla gaa Into oxTguil What 
la the aqaifaleot compoBitkRi of por^phoaphunttad hfdiqgaD 1 JSkm may cyurant 
of mmoarj ba Ibrmad 1 How ia cyaaofan pneaiad 1 Wtal are the ptu fa Hi aa if 
Ihiagaa? 
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lOG cubic inches of this gafl weigh 55 grains, and is found 
to be composed of 
2 equivalents of carbon, 12 
] do. nitrogen, 14 

26 its combining number. 

Cyanogen, though a compound gas, has the singular pro- 
perty of combining with other substances, in a manner per- 
fectly similar to the simple gases, such as oxygen and hy- 
drogen. 

The term cyanogen, comes from two Greek words signify- 
ing to form blue, because it is an ingredient in Prussian blue- 

Hydrocyanic Acid — 27. 

1 p. Cyanogen 26+1 p. Hydrogen 1. 

Prussia Acid. 

Cyanogen is obtained by simply heating cyanuret, or prus* 
siate of mercury, as above described. Hydrocyanic, or prus- 
sic acid, is composed of cyanogen and hydrogen. It may be 
obtained, by heating in a retort a quantity of prussiate of mer- 
cury with two thirds of its weight of muriatic acid. During 
this process, there takes place an interchange of elements. 
The cyanogen of the cyanuret of mercury unites with the 
hydrogen, forming hydrocyanic acid, while a muriate of the 
peroxide of mercury remams in the retort. 

But a more common method of making prussic acid is the 
following : 

Mix together, in a convenient vessel, four ounces of finely 
powdered Prussian blue, two and a half ounces of red oxide 
of mercury, and twelve ounces of water. Boil the mixture 
for half an hour, now and then stirring it. The blue color 
will disappear, and the solution will become yellowish green. 
Filter the solution, and wash the residuum, by pouring on 
boiling water, in quantities sufficient to make up the loss by 
evaporation, and let this also pass through the filter. 

Put this solution, which is a prussiate of mercury, into a 
retort containing two ounces of clean iron filings, then con- 
nect the retort with a receiver, and place them on a lamp fur- 



What is the equivalent coxnpoeition of this gas, and what is its combining number 1 

Whence comes the name of this gas? How maj hydrocyanic, or prussic acid, be formed 

by means of prussiate of mercury and muriatic acid? What are the interchanges of 

elements which take place during this process 1 What is the mora common method d»> 

cribed for making Prussic addl 
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nace^ as represented by Fig. 61, taking care that the jimcttm 
Fig. 61. ^ made air tight, which may be done by 
winding a wet tag around the neck of thJe 
retort Next, pour into the retort one ounce 
of sulphuric acid, diluted with three or four 
parts of water, and stop its tubulure by pass* 
mg in a straight glass tube, which had been 
ready prepared by being passed through a 
cork. Then light the hmip, and distil with 
a slow heat, until three ounces of prussic 
acid is obtained. The receiver must be 
kept cold, and also from the light, by being 
covered with a wet cloth. 

The fumes of this acid are exceedingly 
poisonous, and therefore the lamp furnace 
should be set in a fire-place during the process, so that they 
may escape up the chimney. There is a complicated inter* 
change of principles which take place in this process, which 
Scheele explained thus. In prussian blue the prussic acid 
exists in combination with iron. The red oxide of mercury, 
having a stronger attraction for this acid than the iron ban, 
the Prussian blue is decomposed, and a prussiaie of mercurf 
is formed, which is soluble in watqr. On the addition of the 
iffon filings and sulphuric acid to this solution, the iron ab- 
sorbs the oxygen from the mercury, which is then precipita- 
ted in the metallic form, and at the same instant the iron is 
thus oxidized, it is dissolved by the sulphuric acid forming the 
sulphate of iron. Thus, the prussic acid is liberated, because 
it does not combine with the metals, but only with their ox- 
ides, and as the iron deprives the prussiate of mercury of its 
oxTgen, the prussic acid remains free in the solution of the 
sulphate of iron, and being volatile, readily passes over into 
the receiver, by a gentle heat. 

The hydrocyanic acid thus obtained, is a perfectly color- 
less, limpid fluid, and cannot be distinguished by the eye from 
distilled water. It has a strong odor, resembling that of 
peach blossoms, and when much diluted has the taste of bit- 
ter almonds. 

Prussic acid is the most active and powerful of all known 



What la aaid of the poiaonoua quality of the fames of thia acid, and of the precaotiooi 
to aToid them 1 Explain carefully the complicated interchange of chemical princijriea 
fliat take place ty this proeeea What is the appearance of the acid thus obtained 1 
What lathe smell of thia acid 1 What caaas are mentioned of its poiaoDOuseflbctsI 
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P<ii8ons. A single drop pkced on the tongiie of a dog causes 
his death in a few seconds, and a servant girl who swallow • 
ed a small glass of it, diluted with alcohol, fell down instant • 
ly, as though struck with apoplexy, and died in two minutes. 
A professor at Vienna, having prepared some of this acid in 
its most concentrated state, hy way of experiment, diffused 
some of it on his naked arm, and was killed thereby in a 
short time. 

These instances not only show the terrific and mysterious 
effect which this substance has on the animal economy, but 
they also show what extreme caution is necessary in prepar- 
ing and using it. When much diluted, it has, however, been 
considerably employed as a medicine, in cases of consump> 
tion, and often with good effect 

Although the investigations of chemistry have developed 
this substance, than which, even lightning itself is scarcely 
more prompt, or sure, in destruction, still the wisdom of Om-' 
niscience has connected circumstances with its production 
and nature, which, in a great measure, will always prevent its 
employment for criminal purposes. The process by which 
it is made, requires more chemical skill than generally falls . 
to the lot of unprincipled and vicious persons ; and when 
obtained, its active properties are so evanescent, as never to 
remain more than a week or two, without peculiar treatment, 
and sometimes it becomes nearly inert in a few days. The 
odor, also, which is distinguished in animals destroyed by it, 
is oflen the sure means of detection. 

The commencement of its decomposition is marked by the 
reddish brown color of the liquid, and, in a short time after, it : 
becomes black, and deposits a thick carbonaceous- substance, 
at the same time it loses its peculiar smell, and emits that of 
'ammonia. In this state, the prussic acid has none of its for- 
mer properties, but becomes entirely inert and worthless. 

This substance possesses the sensible qualities of an acid 
only in a very slight degree, being hardly sour to the taste, 
and producing But very little change in the blue colors of 
vegetables. It however performs the office of an acid in 



For what purposes !s this acid employed when muc|i diluted t What circumstances 
an connected with the production and nature of this acid, which it is said will preyent 
its employment for wiciced purposes 1 How does the acid appear while decomposing ? 
Does this substance possess the sensible qualities of an acidt In what respect does it 
pscform the office of an acid 9 

17 
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eomUiiiiig with alkaline bates, forming salts, called pmtfnate 
or kydr0cfanat€s. 

The following is an example, by which the compositilm of 
a sobstance may be found, when one of its elements can be 
made to combine with a third body, in a known proportion. 
By a preyioos eiqieriment it was ascertained how much cytt- 
nogen would combine with a given portion of potassium, the 
basis of potash. Then, Gay Lussac exposed to the action of 
100 measures of prossic acid, heated so as to be in the state 
of vapor* a quantity of potassium precisely sufficient to absoib 
50 measures of C3ranagen. By this process, cyanuret of 
polasaium was formed, and exactly 50 measures of the vapor 
of prussic acid was absorbed, leaving 50 measures of pure 
hyorogen remaining in the vessel in which the experiment 
yna nmde. 

From this experiment, it appears that prussic acid is com- 
posed of equal volumes of cyanogen and hydrogen, and there- 
fore that they combine in the ratio of their specific gravities; 
that is, the weight of the vapor of prussic acid must be the 
combiaed weights of cyanogen and hydrogei^ of an equal 
bulk. 

Now the specific gravity of hydrogen is known to be 
0.0694, and cyanogen gas, 1.8044, air being 1000. Cyano- 
gen, therefore, is 26 times as heavy, bulk for bulk, as hydro- 
gen, and since they combine in equal proportions, by volume, 
to form prussic acid, it follows that this acid consists of an 
atom of hydrogen united to an atom of cyanogen, and there- 
fere, that an atom of cyanogen gas is 26 times as heavy as 
an atom of hydrogen. Thus, the atomic weight of cyano- 
gen is 26, that of hydrogen being 1, and the specific gravity 
of the vapor of prussic acid being the medium between them, 
is 0.9369, because 0.0694, the specific gravity of hydrogen, 
added to 1.8044, the specific gravity of cyanogen, makes 



How did G«y lAtamc know that ezactlf 60 meararea of cyanogen were abaorbed by tlia 
potaBBioml [Cyanogen comblnea with metaia in the same manner that oxygen does. 
See Cyanogen.] What was the quantity of hydrogen which remained after tbia absorp- 
tion 1 From this experiment, what appears to be the composition of pruaaic acid, by to- 
lume ; and thereA>re, the vapor of pruasic acid consists of the combined weights of what t 
How does it appear that cyai^en is 26 times as heary as hydrogen ? Multiply 0.0691 
by 26. How does it appear that on atom of cyanogen is 26 times as heary aa one of hy* 
drogenY [Because tbey combine in equal rolumee^ but cyanogen weighs 26 liHHB tha 
mML] Whattheniathewttightaf an atom of ^anogen, that of hydrogen booel 
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1.87S8, die medium, or half of which is 0.9369, tb» MpmaSc 
giaTity of the vapor of prussis acid. 

The composition of pnuaic acid may therefore be atatai 
thos: 

B:f TolaiikB. By weiglM. 

Cyanogen 50 1.8044 26, one atom, 

Itydrogen 50 0.0694 1, one atom. 

100 acid vapor. 27 atomic weight 

Thus the atomic weight, or equivalent number for cyano- 
g-en is 26, and that for prussic acid is 27. 

The above will serve as a practical example of the method 
of finding the atomic weight of a constituent, under similar 
circumstances. 

4 

CARBON AND SULPHUR. 

Sulfhuret of Carbon — 38. 
1 p. Carbon 6+2 p. Sulphur 32. 

This singular compound may be made by the followiag^ 
process. Place an earthen tube, of about an incli and a hau 
m diameter, a little inclined across a chaffing dish, previous- 
ly nearly filled with small pieces of newly burned charcoal. 
To the nigher end of' this tube adapt another tube of glass, 
filled with small pieces of sulphur. The end of this tube, 
not connected with the one of earthen, must be stopped with 
a cork, through which passes a wire, the whole being made 
air tight. To the opposite end of the earthen tube, another 
glass tube must be connected, and so bent as to pass under 
the surface of some water, contained in a bottle. When 
every thing is thus prepared, the charcoal in the chafiing- 
dish is set on fire, and when the centre of the tube becomes 
red hot, the sulphur must be pushed forward with the vdre, so 
as to come in contact with the charcoal. The combination 
instantly ensues, and the vapor of sulphuret of carbon will 
condense under the water in the vessel. In this state it is of 
a yellowish color, but may be purified by redistilling in a 



What IB the ■peeiflc grsritj of the vapor of praale Mid, it being the medhim h t l imn 
of cyanogeD and hydrogen Y Fnnn thaoe data, what ia the compoation of pmrie 
add, by Tolume and weight 1 MThat is the eqqivalent numbw for pnuric acid 1 Deaeriba 
Cbaproeeai for making sulphuret of carbon. What is the color of the oooipeiad i 
paiadl Hofrxii»yitbepttrified,8oaatobaoomaeolorleasandtnMpnmnt1 
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retort containing a little muriate of lime, to absorb the water. 
The heat, during this process, must not be oyer 110^, and 
therefore, is best applied by a vessel of water over a lamp, in 
which the retort is placed. The neck of the retort is dipped 
under water, as before. 

The compound, thus obtained from two solids, the one black 
and the other yellow, is a perfectly transparent knd color- 
less liquid. Its taste is acrid and pungent, and its smell ex- 
ceedingly fetid and disagreeable. Its specific gravity is 1.27, 
water being 1.00. It does not mix with water, but sinks 
through that fluid, as water does through the lightest oil 
It possesses very high refractive powers, {see Nat. Philoso- 
phy,) and is so volatile as to produce an intense degree of 
cold by evaporation, when exposed to the open air. It is high- 
ly inflammable, and burns with a blue flame, emitting copious 
fumes of sulphuric acid. It dissolves phosphorus and iodine, 
the solution of the latter being of a beautiful pink color. 

It was stated a year or two since in Paris, and republished 
in the journals of this country, that when this substance is 
mixed with phosphorus, and allowed to stand under water for 
six or eight months, the phosphorus combines with the sul- 
phur, thus, leaving the carbon to crystallize, and form real 
diamonds. Having left such a mixture, undisturbed, for a 
much longer period than the recipe directs, we have as yet 
discovered no appearance of this precious gem. 

Sulphuret of carbon is composed of 

1 equivalent, or atom, of carbon, 6 

2 do. do. sulphur, 32 

Its combining number, , 38 



METALS. 

The metals form the most numerous class of undecomposed, 
or elementary bodies. They possess a peculiar lustre, called 
the metallic, which continues in the streak, or when they are 



In what respect doM this compound show the mTsterious eflects c»f ehemical combina* 
(ioni What are the sensible properties of sulphuret of carbon 1 What is its specific 
gniTityl What is said of its refractive powers, its Tolatility, and its inflammabOityl 
What has been pnbludied concerning the method of making diamonds from this eah* 
stance 1 What is the equivalent composition of sulphuret of carbon 1 What is Ito equi- 
ndent number % Have anj of the metals been decomposed 1 What is the peeuliai la» 
tre of the metals calledf 



tedaeed to mnall fragments. They a^e all condnctofs iof 
electricity and caloric. They are fusible, at d^erent lem* 
peratures, and in fusion retain their lustre and opacity. They 
are, in general, good reflectors of light, and with the except 
tion of gold, which, in the thinnest leaves transmits a green 
light, they are perfectly opaque. 

Many of the metals may be extended under the hammer, 
and are hence called malleable, or under the rolling press, 
and are called laminable, or may be drawn into wire, and are 
called ductile. Others can neither be drawn into wire, nor 
hammered into plates, but may be groimd to powder in a 
mortar ; these are called brittle metals. 

The meta]s are capable of combining with each other, in 
any proportion, when melted together, and such compounds 
are called alloys. 

With a few exceptions, the metals have the greateal ape* 
cific gravity of all bodies. Potassium and sodium swim on 
water, but with these exceptions, the lightest among them* 
cerium, is about 5} times the weight of water ; platinum it 
more than 20 times heavier than the same bulk of water. 

The metals difier in respect to brilliancy, color, denskVi 
hardness, elasticity, ductility, tenacity, conductility for oalone 
and electricity, fusibility, expansibility by heat, stability, odor^ 
and taste. 

When combined with oxygen, chlorine, iodine, or sulphur, 
and the resulting compounds submitted to the action of gal* 
vanism, the metals without exception are revived, and appear 
at the negative side of the battery, hence all the metals are 
positive electrics. 

The malleable metals, such as gold, silver, and iron, in 
whatever manner their surfaces are increased, if this is done 
rapidly, grow hot, and crumble under the hammer, or press, 
and finally refuse to be extended any further. It then be* 
comes necessary, if their surfaces are to be &rther extended* 
to anneal them, which is done by exposure to a red heat, 
when they become sofl and maHeoble as before. It is pro- 



What imponderable agents do all the metala conduct 1 Axe all Oe metals opiflQe Y 
What an malleable, laminable, and ductUe metals 1 What are brittle metab 1 ^g^ 
ts an alloy 7 What is said of the specific grnritf of the metals 1 What are the pi^SMOw 
ties in respect to which Uie metals diflbr 1 What is the electrical state of the iQptala? 
When thesorfacesof the malleable metals are suddenly increased,, what e0ea liitlMi^ 
produced on their tempenuuvt 7 Wlwa la tt-Miamiiiy lo ammtU.^ metall 
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iMible that this chanp^e is produced by a quantity of calorie 
which the metal retains in its latent state, and by which its 
particles are prevented from forming so compact a mass. as 
before. When the metal is again drawn under the hammer 
or press, it grows hot, and at the same time is increased in 
density and specific gravity, the caloric before absorbed be- 
ing given out, and the metal is again rendered brittle by the 
process. 

All the metals are converted into a fluid state by sufficient 
degrees of beat. In this respect there is a vast difierence 
in the difierent metals. Mercury is a fluid at all common tem- 
peratures, and does not assume the solid form unless exposed 
to a temperature nearly 40° below the freezing point, while 
platina and columbium continue solid under the highest heat 
of a smith's forge, and only become fluid under the heat of 
the compound blowpipe, or the action of the most powerful 
galvanic battery. 

With several exceptions, these bodies suffer a singular 
change on exposure to air and moisture, or on exposure to 
jair and heat. They lose their tenacity, brilliancy, and other 
qualities peculiar to the metals, soil the fingers, and crumble 
to powder, but at the same time increase in weight. This 
change is termed oxidation, and in this state they are termed 
metallic oxides. 

This increase in weight and loss of metallic splendor, does 
not happen when the metal is placed in a vacuum, or when it 
is protected from the air by varnish or other means, but is 
Ibowto be the consequence of the union between the metal 
and the oxygen of the air, or water, or both. Thus, iron, 
when exposed to air and moisture, spontaneously absorbs 
oxygen and is converted into a brown friable matter called 
rust This is an oxide of iron. The increase of weight is 
caused by the solid oxygen which thus combines with the 
metal. 

Metals, in the language of chemistry, are termed comlms- 
titles, because they are capable of combining with oxygen, 



How is the process of annealing sapposed to affect the metal, so as to restore its mallear 
bilit7 1 B7 what means may all the metals he rendered fluid 1 What is said of tho diP 
feittnt temperatures at which the metaJs become fluid 7 The metals, with the ezceptjon 
of platina, gold, and silver, are said to suffer a peculiar change, whea exposed to heat, or 
40 air and moisture. To what is this change owing, and what are the vesuking conk- 
pounds called 1 What causes ircm and other m^als to rust, when exposed to the airt 
Whj are the metab termed combustiUe in the language q£ chemistrjrl 
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and thus passing through the process of oxidation,. or com- 
bustion. In ordinary combustion there is an extrication of 
heat and light, and under favorable circumstances, several 
of the metals exhibit these pnenomena. Zinc burns with a 
brilliant flame when heated, and exposed to the open air ; and 
iron, when heated in oxygen gas, emits the most vivid scin- 
tillations, attended with intense heat. Grold and platina, the 
metals which have the least affinity for oxygen, are still ca- 
pable of uniting with it so rapidly, as to produce scintillations 
when heated with the flame of the compound blowpipe. In 
all cases the metals combine with oxygen most rapidly when 
exposed to the highest degrees of heat. Hence, at common 
temperatures, their oxidation proceeds so slowly as not to 
emit sensible light or heat ; and some of them, such as gold, 
silver, and platina, do not combine with it at all at such tem- 
peratures. 

Some of the metals combine with oxygen in only one pro- 
portion, while others combine with it in three or four pro- 
portions. Thus, there is only a single oxide of zinc, but 
there are three or four oxides of iron. 

Afler the metals are converted into oxides, they may again 
be reduced, that is, brought back to their metallic states, by 
depriving them of their oxygen. This may be done by se- 
veral methods, depending on the nature of the metal, or the 
force by which it retains the oxygen. The reduction of many 
of the metals from their ores, is nothing more than depriving^ 
them of their oxygen. 

For this purpose, a common method is to heat the oxide 
with some combustible, which has a stronger affinity for the 
oxygen than the metal has. Thus, the oxide parts with its 
oxygen, and assumes the metallic form, while the combusti- 
ble absorbs that which the oxide before contained, and is 
itself consumed or converted into an oxide. As an example, 
carbon when heated has a stronger affinity for oxygen than 
iron, and therefore, when carbon and oxide of iron are 
strongly heated together, the iron is reduced while the char- 



Under what cireuiUBtances do seFeral of the metals exhibit the ordinary pheno- 
mena of combustion 1 Under what circumetances do all the metals combine most 
lapidlj with oxygen 1 What metals do not combine *\t all with oxygen at common 
temperatures 1 Do the metals all combine with the same proportion of oxygen 1 
AAer a metal has lieen converted into an oxide, how may it again tiQ reduced, ot 
brought again to its metallic state? By what method can the metals be deprived ot 
Aetar oxygen 1 What to one of the moat common methods of reducing iion from iUl 
1 
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coal 18 conTerted into an oxide, or an acid, and pastes aiM^ 
into the air, or 'in common language, ia burned up. This is 
the method of reducing iron from its ores. 

In some instances, heat alone drives away the oxygen and 
reduces the metal ; but in such cases the metal has only a 
weak affinity for oxygen. The oxides of gold, mercury, and 
platina, are thus reduced. 

Metals haying stronger affinities for oxygen, resist such 
methods of redaction, and require the more powerful agency 
of galvanism. When metallic oxides are exposed to this 
influence, the reduced metal is found at the negative side of 
the battery, while the oxygen rises through the water at the 
positive side. 

None of the metals are soluble in an acid, in their metallic 
states, but when first combined with oxygen they are readily 
dissolved. Gold will not dissolve in muriatic acid alone, 
because this acid does not part with its oxygen with such 
fiicility as to form an oxide of the metal. But if a quantity 
of nitric acid be added to the muriatic, the gold instantly be- 
gins to enter into solution, and a chloride of the metal is 
Harmed. If a piece of zinc be thrown into sulphuric acid, it 
will remain undissolved, but if three or four parts of vnXa 
be poured in, the metal is attacked with great violence, and 
soon dissolved. In this case the water furnishes the oxygen, 
by which the zinc is oxydized, and it is then dissolved by the 
acid. By this method hydrogen is obtained ; the metal de- 
composing the water by absorbing its oxygen, while the hy- 
drogen 18 set at liberty. 

The metals combme with phosphorus, sulphur, and car- 
bon, forming compounds called phospkurets, mlfhwreU^ and 
carburets. 

Of all the inflammable bases, sulphur appears to possess 



WlMafnttiB reduced byheadng its «xide with duocoel, what becomes of fhe ozj* 
genl In what instances does beat alone reduce Um metallie oaEidas? When ii»> 
tallic oxides are reduced by means of galTanism, at which pole of the battery ia tfas 
oxygen extricated 7 Are any of the metals soluble in the acids, while in theic metaUifr 
states 1 Why is it necesnry toadd nitric acid to the muriatic acid before it will dkvolvtt 
goldl Why does not zinc dissolre in strong sulphuric acid % Why is hydrogea ewlved 
when the zinc is dissolTed in diluted sulphuric acid? When a metal combines witb 
phoqshorus, what is the resulting compoimd called ? What is the composition of asut^ 
j^uxet 7 What is Uie composition of a carboxM? What <^ nb"'Bibk boytyamMma^ 
^tha strangest aflinity for tlwiBataiil 
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-the strongest affinity foi the metals, and its combination with 
. some of them is attended with remarkable phenomena. This 
affinity is shown by the following interesting experiment 
Introduce into a Florence flask, three parts of iron, or cop- 
per filings, and one part flowers of sulphur, well mixed to- 
gether. Then stop the flask with a cork, and place it over 
a lamp, so as to heat it slowly, and as soon as any redness 
appears, remove the flask from the fire. The chemical ac- 
lioij thus begun, will be continued by the heat evolved by 
the combination between the sulphur and the metal, and the 
whole mass in succession' will become red hot, which, in the 
dark, will produce a very beautiful appearance. 

We have stated, in a former part of this work, that when 
bodies pass from a rarer to a denser state, caloric is evolved. 

The heat and light, in this experiment, seems to be the 
consequence of this general law of condensation, for the sul- 
phuret, formed by the union of the two bodies, occupies 
much less space thah the metal and sulphur did before. 

Many of the metallic sulphurets are very abundant in na- 
ture, forming the ores of the metals. Several metals are 
extracted entirely from such ores. The most- abundant sul- 
phurets are those of lead, antimony, copper, iron, and zinc. 

The phosphurets are seldom found as natural products, 
but may be formed, by bringing phosphorus into contact with 
the metal, at a high temperature. 

Carbon unites with iron in several proportions. Unrefined 
iron, steel, and black lead, are all carburets of iron, the latter 
containing 95 per cent, of carbon. 

When the oxide of a metal is dissolved in an acid, there 
i» a compound formed, which difiers entirely from either of 
these two substances, and when the liquor is evaporated there 
remains a crystalline solid, called a metallic salt These 
salts differ materially from each other, according to the kind 
of acid and metal of which they are composed. Some of 
them, such as the sulphate of iron, and acetate of lead, are of 
great importance to the arts. 

The oxides of the metals readily imite by fusion with glass, 
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and it is by such means that this substance is msde to fe^ 
semble gems and precious stones. The stained gkas, m 
celebrated among the ancients, and used in the windows oi 
churches, was prepared in this manner. This art was said 
to hare been lost, but stained glass is still made in many 
parts of Europe, and in this country. {See Glass.) 

Compounds, made by fusing two or more metals together, 
are called alloys. In tnese cases there is a chemical union 
between the metals ; and hence such compounds differ great- 
ly from the metals of which they are composed. In general, 
the specific grayity of the alloy is greater than the medium 
specific gravity of the two metals, and of consequence, the 
bulk of the alloy is less than that of the two metals taken 
separately. As an example, -if two bullets ofxopperand two 
of tin, of equal bulk, be melted together, they will form little 
more than three bullets of the same size. This diminution of 
bulk is accounted for, by supposing that the particles of the 
two metals enter into a closer union with each other, when 
combined, than those of either did in a separate state. 

The alloys of the metals are also more easily fusible than 
the metals of which they are composed ; that is, the melting 
^ point of an alloy is below the medium temperature at which 
the metals composing it are fusible. 

Ah alloy, made of 8 parts bismuth, 5 lead, and 3 tin, is a 
curious instance of this fiict. In a separate state, the melting 
point of lead is 500^ bismuth, 490°, and tin, 430°, and yet, 
when these are fused together, the compound melts at 212° 
Amusing toys, in the form of tea-spoons, have been made of 
this alloy. Such spoons, in the hand of those who know no- 
thing of their composition, have excited great astonishment, 
by coming out of a cup of hot tea with their bowb melted off 

The number of metals, and the variety of properties which 
they possess, render it necessary to throw them into classes 
and orders, that a knowledge of these properties may be more 
easily obtained. 

The following arrangement is that originally proposed by 
Thenard, and adopted by Henry and others. 

We have already stated, that some of the metals are redu- 
ced from the state of oxides by heat alone, such metals hay- 
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fug only a slight affinity for oxygen. Others, it was also sta- 
te^ have so strong an attraction hi oxygen, that they cannot 
be reduced by this method, but require the presence of a com* 
bnstible, or some other means, for their reduction. The ar- 
rangement into classes is founded on this distinctive difference. 
The orders of the second class are founded on the powers of 
the metals to decompose water. 

Class I. — Metals, the oxides of which are reducible to the 
metallic state, by heat alone. These are 

Mercury, Platinum, Osmium, 

Silver, Palladium, and 

Gold, Rhodium, Iridium. 

Class II. — Metals, the oxides of which are not reducible 
lo the metallic state by the action of heat alone. 

Order 1. — Metals which decompose water at common tem^ 
peratures. These are, 

Potassium, Lithium, Strontium, 

Sodium; Barium, Calcium. 

Order 2. — Metals which are supposed to be analogous to 
Order 1, but whose properties are but little known. These 
are. 

Magnesium, Ittrium, Zirconium, 

Glucinum, Aluminum Silicium. 

Order 3. — Metals which decompose water at a red heat 
These are, 

Manganese Iron, and 

Zinc, Tin, Cadmium. 

Order 4. — Metals which do not decompose water at any 
temperature. These are, 

Arsenic, Uranium, Titanium, 

Molybdenum, Columbium, Bismuth, 

Chromium, Nickel, Copper, 

Tungsten, Cobalt, Tellurium, 

Antimony, Cerium, Lead. 

Of the first class, there are 8 metals; of the second, there 
are 32 y. making 40 in alL 
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CLASS! 

Metals, the oxides of which are decomposed by the action 
of heat alone. 

MERCURY — 200. 

Mercury, or quicksilver, is found native, or in its pure 
state, only in small quantities, the mercury of commerce being 
chiefly extracted from cinnabar, which is a sulphuret of the 
metal. The melal is extracted from this ore, by heating it in 
iron retorts, mixed with iron filings or lime. By this process, 
the sulphur combines with the lime or iron, forming a sul- 
phuret of lime or iron, while the mercury is volatilized, and 
18 distilled into a receiver, where it condenses in its pure form. 

This metal is distinguished from all others by preserviujg 
its fluidity at common temperatures. Its specific gravity is 
13.5. At the temperature of 660° it boils, rises in vapor, and 
may be distilled from one vessel into another. At 40° below 
zero it becomes solid, and is then malleable, and may be ham- 
mered into thin plates. 

When pure, this metal is not readily oxidized in the open 
air at common temperatures, but when mixed with other me- 
tals, such as tin, or zinc, there is commonly a film of oxide 
on its surface ; hence this is an indication that the mercury is 
impure. When mercury is triturated with an equal quantity 
of sulphur, there is formed a black powder, called ethiops 
mineral. 

Mercury readily combines with gold, silver, tin, bismuth^ 
and zinc ; but not so readily with copper, arsenic, and anti- 
mony, and with platina and iron scarcely at all. The result- 
ing compounds between mercury and the other metals, are 
called amalgams. 

Mercury has such an affinity for gold and tin as to dissolve 
these metals in small pieces, at common temperatures. In 
the mines of South America, a great proportion of the gold 
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vns fonnerly procured by amalgamation. Sand containing 
particles of gold; was agitated in a close vessel with mercury, 
&iid the two metals thus brought in contact, united and formed 
an amalgam. This was then distilled in an iron vessel, by 
which the mercury was driven away, while the gold remained. 

At the present time, the gold-beaters make use of the same 
means to obtain the small particles of the metal contained in 
the sweepings of their shops. The sweepings being placed 
in a close vessel, and agitated with mercury, an amalgam is 
formed. The gold is then separated by pressing the amal- 
g-am in a buckskin bag, which forces the mercury through 
the pores of the leather, while the gold is retained. 

Mercury is applied to many other uses in the arts, and is 
a constituent in several important medicines. 

The silvering on the backs of looking-glasses, is an amal- 
gam of tin, and is put on in the following manner: A sheet o{ 
tin foil is laid perfectly smooth on a slab of marble, and on the 
tin foH, mercury is poured, until it is about the eighth of an 
inch thick ; the attraction of the metals for each other, keep- 
ing the mercury fjom running off When the mercury is 
spread equally over the surface, the glass plate is run or slid 
on. This is so managed, by partly immersing the end of the 
plate in the edge of the mercury, and pushing it forward, as 
to entirely exclude the air from between the metal and the 
glass. Weights are then laid on the plate, to press out the 
mercury which does not amalgamate with the tin. In about 
24 or 36 hours, the amalgam adheres to the plate in the 
manner we see it on looking-glasses. The glass, therefore, 
merely serves to keep the amalgam in its place, and being 
transparent, to transmit the image which is reflected from the 
surface of the metal. Could the mercury be kept from oxy- 
dation, and be retained in its place without the glass plate, 
such mirrors would be much more perfect, since the glass 
prevents some of the rays of light from passing to and from 
the metal 



Howlsgoldobtaii^dbymercoryl How do goM-beatcw obtain the ™np«ti^^ 
gold fiomSlg the .weeing, of their Bho^ ^^ ^^^ZZ^^ 
Ttring, OD the taaek. of looking-gla-eel Deacribe the P^ooa- of ""wing apiw« 
giMi Infiinniiigalooking-gla«,whatisUMUMofUkaglanpi«e' 

18 



M9 KSKeVRT. 

XKRCURT AND OXTOSH. 

Peroxide of Mercury — ^216. 

1 p. Mercury 200+2 p. Oxygen 16. 

Red Precipitate. 

This compound is commonly formed by dissolving mercury 
in nitric acid, and then exposing the nitrate to such a degree 
of heat as to expel all the acid. It is in the form of small, 
shining crystalline scales, of a red color. When exposed to 
a red heat, this oxide is reduced, and converted into oxygen, 
and metallic mercury, a circumstance on which its arrange- 
ment in the present class depends. When long exposed to 
the action of light, the same effect is produced. Red pre- 
cipitate is employed in medicine chiefly as an escharotic. 

It will be observed at the head of this section, that the per- 
oxide of mercury is composed of 200 parts of the metal com- 
bined with 16 parts or two equivalents of oxygen. The prot- 
oxide of this metal consists of 200 mercury, and 8 orygen, 
these compounds conforming precisely to the doctrine of defi- 
nite and multiple proportions, as formerly explained. The 
reason why so large a number as 200 is taken for the equi^ 
Talent of mercury, and some other metals, will be understood, 
when it is recollected, that the data from which all the pro- 
portional numbers are estimated, is the proportions of hydro- 
gen and oxygen forming water. The proportion of oxygen 
in this compound being 8, and this number for oxygen being 
fixed, that for mercury is 200, because it is found by experi- 
ment, that these are the smallest proportions in which these 
wo bodies combine. 

MERCURY AND CHLORINE. 

Proiochloride of Mercury — ^236, 

I p. Mercury 200+1 p. Chlorine 36. 

Calomel. 

When Qhlorine, a gas formerly described, is brought in 
contact with mercury, at conunon temperatures, a combina- 
tion takes place between them, amounting to one proportion 
of each, forming a protochloride of the metal. This, how- 
ever, is not the common method of preparing calomel ; the 
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two constituents being more conreniently combined in their 
proper proportions, by mixing the bichloride of this metal 
with an additional quantity of mercury. The bichloride of 
mercury contains, as its name signines, two proportions of 
chlorine and one of the metal. This compound is known un- 
der the name of corrosive sublimate. It contains mercury 200, 
and chlorine 72 parts by weight. When this salt is triturated 
with mercury, the metal absorbs a part of the chlorine, and 
the whole is converted into a protochloride, or calomel. The 
proportions are 272 parts, or 1 equivalent of the corrosive 
sublimate, and 200 parts, or 1 equivalent of the mercury. 
This process afibrds a beautiful illustration of the truth of the 
doctrine of definite proportions ; for when these equivalents 
are mixed in a mortar, and then sublimed by heat, 36 parts, 
or 1 proportion of the chlorine is transferred from the bi- 
chloride to the metallic mercury, thus converting the whole 
into 472 parts of protochloride of mercury,. or calomel. 

This process also shows, in a striking manner, the effects 
of different proportions of the same principles, on the quali- 
ties of bodies. Corrosive sublimate is one of the most active 
and virulent of all metallic poisons, and in doses of only a few 
grains, occasions the most agonizing symptoms, w^hich com- 
monly end in death. But calomel is a mild and safe medi- 
cine, which maybe taken in doses of 60, or even 100 grains, 
without injury. And yet the only chemical difference between 
these two substances is, that the calomel is a compound of 1 
atom of chlorine combined with one of mercury, while corro- 
sive sublimate consists of 2 atoms of the first and 1 of the 
metal. 

MERCURY AND SULPHUR. 

Sulphur et of Mercury — 216. 
1 p. Mercury 200+1 p. Sulphur 16. 
Cinnabar. 
Cinnabar is prepared by fusing mercury and sulphur to- 
gether, and afterwards subliming the compound. When this 
compound is reduced to a fine powder, it forms the well 
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-known ptgfment vermUion, Cinnabar oecnrs in dintiiie, in 
hxge quantities, and is the substance, as already stated, from 
which mercury is chiefly obtained. 

SILTER — 110. 

Silrer is found native in small quantities. It also occurs 
mixed with several other metals, as copper, antimony, arse- 
nic, and sometimes with gold, but is chiefly found in combi- 
nation with sulphur, forming a sulphuret of silver. 

This metal, when pure, admits of a lustre only inferior to 
that of polished steeL Its specific gravity is 1 1, being about 
half that of platina. In malleability and ductility it excels 
all the other metals except gold and platina. 

Silver is fused by the heat of a common furnace, and by 
a long continued and high degree of heat it may be volatili- 
zed, or turned into vapor. By slow cooling, this metal may 
be obtained in regular crystals. It is not oxidated by expo- 
sure to the combined action of heat and moisture, but is 
readily tarnished by sulphureous vapor. Sulphuric acid dis- 
solves this metal, when assisted by heat, but its proper solvent 
is nitric acid, with which it readily combines, and when the 
solution is evaporated, forms nitrate of silver, a substance 
known under the name of lunar caustic. 

Silver is precipitated from its solutions, by several of the 
other metals, in its metallic form. This happens when any 
other metal, having a stronger aflinity for oxygen than silver, 
is placed in a solution of this metal. 

If a quantity of nitrate of silver, or lunar caustic, be dis- 
solved in water, and a slip of clean polished copper be dip- 
ped into it, the copper will be covered with a coat of silver. 

Diana^s silver tree is made by precipitating silver from its 
solution by means of mercury. This interesting experiment 
may be performed in the following manner. Mix together 
six parts of a solution of nitrate of silver, and four parts -of 
a solution of nitrate of mercury, both completely saturated 
Add a small quantity of rain water, and put the mixture into 
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ft glass decanter, containing six parts of amalgam, made of 
seven parts of mercury, by weight, and six parts of silver lea£ 
In the course of some hours, there will appear small shining 
scales of metallic silver on the amalgam, which will increase, 
and shoot out in the form of a silver tree, producing a very 
beautiful appearance. 

Silvering powder may be prepared in the following man- 
ner. Precipitate silver from its solution in nitric acid, by 
dropping into it some plates of clean copper. Take 20 
grains of this powder, and mix with it two drachms of cream 
of tar tar, the same quantity of common salt, and half a 
drachm of aluhi. These articles must be finely pulverized, 
and intimately mixed in a mortar. If a little of this powder 
be moistened, and rubbed on a clean surface of brass or cop- 
per, the silver will be precipitated, and the surface of tne 
metal will be covered with it. In this way the silvering of 
candlesticks, or other articles, where it is worn off, may be 
replaced. The addition of the other articles to the precipi- 
tated silver, probably serves no other purpose than to keep 
the surface of the brass perfectly clean, and free from oxide, 
as the powder is rubbed on. 

Silver may also be precipitated on ivory, and then revived 
by the action of solar light. Into a dilute solution of nitrate 
oi silver immerse a slip of polished ivory, and let it remain 
until it acquires a yellow color, then place it in a tumbler of 
pure water, and expose it to the direct rays of the sun for a 
few hours, or until it turns black. If now, it be gently rub- 
bed, the surface will be changed into a bright metallic one, 
and the slip of ivory will, in appearance, be transmuted 
into one of silver. This change is caused by the deoxidizing 
power of the solar rays, in consequence of which, the oxy- 
gen is separated from the silver, and the metal reduced to its 
former state. 

A very useful solvent of silver is made by dissolving one 
part of nitre with about eight parts of strong sulphuric acid. 
This solvent, when heated to about the temperature of boil- 
ing water, will dissolve silver, without acting on gold, copper, 
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lead, or. iron, and hence may be conveniendy uaed to exdnd 
Ae silver from old plated goods, &>c. 

The combining number for silver is 110, it having been 
found that the oxide of this m^al contains 110 silver, and 8 

ozTgea 

The sulphuret of silver is composed of 1 10 of the metal« 

and 16 sulphur. 

GOLD — ^200. 

This well known precious metal is found only in the me- 
tallic state, either alone, or mixed with other metals. Con- 
sequently, there is no such thing as an ore of gold. Gold is 
sometimes found disseminated in rocks, but always in its 
metallic state, and never mineralized by sulphur, oxygen, or 
any other substance. Its specific gravity is 19. It is the 
most malleable of all the metals, and in ductility is only ex- 
celled by platinat 

The extent to which a given portion of this metal may be 
spread, and still continue a perfectly unbroken surface, is tridy 
astonishing. A single grain of the best wrought gold leaf is 
found to cover iifly-six square inches, and it would take near- 
ly 282,000 such leaves to make an inch in thickness. This, 
however, is not the utmost limit to which its tenuity may be 
extended, for the wire used by lace makers is drawn from an 
ingot of silver gilded with this leaf, and from the diameter of 
the ingot, compared with that of the wire, it has been found 
that the covering of gold on the^ latter is only a twelfth part 
of the thickness of gold leaf Supposing the leaf, when first 
{^ced on the silver, to have been the 30 thousandth part of 
an inch in thickness, the covering on the wire would require 
360,000 times its own thickness to make an inch ; and still 
this covering is so entire that, even with a microscope, the 
silver is not to be seen. 

Gk)ld is the only metal which can be made so thin as to 
transmit the rays of light, and the rays so transmitted, instead 
of being of the same color with the metal, are green. 

This metal, when pure, is not oxidated, or otherwise alter- 
ed, by being kept in fusion, in the highest heat of a furnace 
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•far any len^h of tima Sulphuric, nkric, or muriatic acid, 
do not alone produce the least action on gold ; but when two 
parts of nitric and one of muriatic acid are mixed, forming 
aqua regia, the mixture dissolves this metal with fecility. 
Put some nitric acid into one vessel, and some muriatic acid 
into another, and throw a little gold leaf into each. Not the 
least effect on either will be produced ; but if the contents of 
one vessel be poured into the other, imniediate action will 
ensue, and the metal will soon be dissolved. 

The solution of gold is decomposed by many substances 
which have a stronger attraction for oxygen than this metal 
has, and by absorbing the oxygen, restores the gold to its 
metallic state. 

If a piece of ribbon, or other substance, be moistened with 
some dilute solution of gold, and exposed to the action of a 
current of hydrogen, the gold will be revived, and the rib- 
bon, or other substance, will be covered with a film of gold. 
By means of a camel hair pencil, the solution may be applied 
to the ribbon in regular figures, and as the appearance of the 
ribbon is not changed by the application, until the hydrogen 
is thrown upon it, a striking experiment may be madfe in this 
way. The hydrogen must be applied while the ribbon is 
moist, and may be blown on, through a tube attached to a 
bladder containing it 

Sulphuric ether precipitates gold, but instantly dissolves 
the precipitate, forming an etherial solution of the metal. 
This solution is sometimes employed to gild lancets, scissors, 
and other instruments, in order to preserve them from rust 
This is readily done by the following method. Into a given 
quantity, say an ounce of the nitro-muriatic solution of gold, 
pour twice as much sulphuric ether ; shake the vessel, and let 
It stand two or three minutes, and then pour into another ves- 
sel about one third of the mixture. The acid does not mix 
with the ether, but settles to the bottom of the vessel, leaving 
the ether in possession of the gold on its surface ; the por- 
tion decanted into the other vessel, therefore, is an etherial 
solution of gold. Any perfectly clean and polished steel in- 
strument, will be covered with a coat of gold, if dipped for a 
moment into this solution. When taken from the ether, it 
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should be instantly plunged into pure water, to wash off anj 
particles of acid, which may be retained in the solution. The 
instrument may afterwards be burnished, when it Will have 
all the appearance of the best gilding. 

In this case the gold appears to be in its metallic state, and 
to be retained on the suruce of the steel by the attraction of 
cohesion, while the ether evaporates. 

PLATINUM — 96. 

Platinum is a white metal, resembling silver in color, but 
a little darker. It is the heaviest of all known bodies, having 
a specific gravity of 22. 

This metal comes chiefly from several parts of South Ame- 
rica, where it is found in small grains, or scales, exceedingly 
heavy, and nearly the color of wrought iron. In this state 
it is alloyed by several other metals, and requires to be puri- 
fied before it is malleable. It was first discovered in 1741, 
but has not been applied to any considerable use until within 
the last twenty years. This metal has lately, been discovered 
in considerable quantities in Russia, and is employed for the 
purposes of coin, for which it is well adapted. 

Platina, like iron, may be welded, and like gold, suffers no 
change from the combined agencies of air and moisture, or 
by long continued heat. For many purposes, therefore, it is 
the most valuable of all the metals. 

This metal is so difficult of fusion, as to undergo the great- 
est heat of a smith's forge without the least change. N^ne 
of the acids act on it, except the nitro-muriatic, the solvent of 
gold. 

Platinum is purified and obtained in a malleable state by 
dissolving the grains in 8 times their weight of aqua regis, 
assisted by heat. The acid only dissolves the platinum, leaving 
the iridium and osmium, the metals with which it is alloyed, in 
the form of a precipitate at the bottom of the vessel. The acid 
solution is then evaporated, and the metal precipitated by mu- 
riate of ammonia. The precipitate thus obtained, is heated 
in a crucible, lined with a mixture of clay and charcoal, to 
the utmost degree that can be attained in a blast furnace, 



Wbat ia the color of platinum f What is its specific grarityl la there any knowa 
body of greater specific gravity than platina 1 In what countries is platina found 1 Whea 
was this metal discovered 1 In what respect does platina poaeess the property of iron? 
In wbat respect is this metal like gokl T What is said of the action of heat, and of tha 
acidly 00 platinum 1 \ ' 



PLATIKim. 213 

wkeh the ammonia and acid are driven off, and the fiised 
metal falls to the bottom of the crucible. It is afterwards 
several times heated, and hammered, when it becomes both 
ductile and malleable. In small quantities, this metal may 
bo fused by the compound blowpipe. 

Platinum combines with many of the other metals by fu- 
sion, and forms alloys which possess various properties, some 
of which are useful. 

Copper, when alloyed with from one^ixth to one twenty- 
fiflh part of platina, becomes of a golden color, is much less 
readily oxidated than before, and receives a fine polish. 

With iron, platina is said to form a compound highly es- 
teemed by the Spaniards, for the purpose of making gun bar- 
rels, which are stronger, and less apt to rust, than iron alone. 

From its infusibility, and the difficulty with which it is 
oxidated, this metal is highly useful in the arts, and particu- 
larly for making various chemical and philosophical instru- 
ments. 

Retorts of platina are now employed instead of lead, for 
the distillation of sulphuric acid. Being acted on neither by 
heat, nor any single acid, such vessels will probably last even 
for centuries without repair. Their expense would, however, 
often be an objection to their use. In Mr. Teimant's great 
works for the manufacture of bleaching salt, at Glasgow, it 
is said there are nine pladna retorts, which cost about 2,500 
dollars each. 

Platina is the slowest, or most imperfect conductor of heat, 
among the metals, and from this quality, together with that 
of sustaining a high degree of heat without oxidation, it may 
he employed to construct the aphlogistid or flameless lamp. 

This curious lamp retains a coil of platina wire constant- 
ly at a white heat, without either flame or smoke. It may be 
constructed in the following manner : 

The platina wire to be used for this purpose is about the 
thickness of card, or brass wire, No. 26. If larger, the heat 
is carried off too fast, and the ignition ceases, and if much 
finer, it does not retain sufficient heat to keep up the evapo'- 
ration of the ^cohol, by the combustion of which, the heat . 
of the wire 4S maintained. 



nvwifl this metal purified and nndeTedmaUfiablel Doaa platinum form alloyawith 
ihe other metato by fusion Y What aUoya of ptetina an mentioned aa bein; uaefiii f For 
«iutt uaaful porpoaea haa the pure metal been employedt b platina a good or bad Goa> 
dactorofheat? Wing ia.the aphtogialic or flanielaii lamp 1 
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Such a piece of wire, 
g-lus tube, and a low vial, are the chief materials for tlie coo- 
MmcUoD of this lamp. 

Fig. 62. ^ The coil A. Fig. 62. is m&de 

')T winding the wire round a 
piece of wood cut of the pro- 
per size and shape. The size 
IS determined by that of the 
iperture of the tube, allowing 
br the diameter of the wire, 
[ts shape is a liRle conical, or 
apering upwards. In wimHng 
:he coil, it is best that the turns 
ifthewire should come in con- 
tact, and afterwards be gently 
sxtended, soastocomeasnear- 
ly as possible to each other with 
out touching. The diameter 
of the coil may be one fourth, 
or one sixth of an inch, and 
its length half an inch, containing twenty or thirty turns of 
the wire. 

J3ia a glass tube three or fsur inches long, containing the 
cotton wick by which the alcohol is carried up to the wire. 
The wick passes about half wav through the coil. 

Cis the body of the lamp wnich contains the alcohol It 
is a low vial, or glass inkstand, capable of holding two or 
three ounces. The glass tube passes through a cork, and 
dips into the fluid. Z) is a small tube through which the al- 
cohol is poured. This must be stopped to prerent evapora- 
tion. 

When the lamp is thus prepared and filled with alcohol, 
the fluid is set on fire by holding the plalina wire in the 
flame of a candle, and after a few minutes, or when the coil 
becomes red hot, the flame is blown out, and if every thing is 
properly adjusted, the wire will remain red hot as long as tha 
rial contains alcohol. 

The following- appear to be the causes of the permanent 
ignition of the wire. Alcohol, when in the stale of vapor, 
combines nilh oxygen with fecility. The temperature of the 
wire is raised by the flame of the candle to about 1000 de- 
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glees, the point at which alcohol combines with oxy fitl^ or is 
combustible. When this is once effected, the caloric extrica- 
ted by the combustion of the alcohol is sufficient to keep ike> 
coil at a red heat, which again is the temperature at WHich 
alcohol is combustible, so that one portion of alcohol, by the 
absorption of oxygen, and the consequent evolution of heat, 
prepares the wire to effect the combustion of another portion, 
and as the alcohol rises in a constant stream of vapor, so the 
ignition is constant. 

In cases where a light might be suddenly wanted, this 
lamp is highly convenient, for by touching a match to the 
coil, and then to the wick of a candle, a light is immediately 
obtained. 

Platinum combines with oxygen in two proportions, form- 
ing the 

Platinum. Oxygen. 

Protoxide, composed of 96 and 8, 
Peroxide, do, 96 " 16. 

PALLADIUM. RHODIUM. IRIDIUM AND OSIMUM. 

These four metals were found, by Dr. Wollaston and Mr 
Pennant, among the grains of platina brought from South 
America. 

Palladium. This metal resembles platina in color, but is 
not quite so brilliant. It is malleable and ductile, and its spe- 
cific gravity is about 11.5. Its fusing point is between those 
of gold and platinum. It is soluble in the sulphuric, nitric, 
or muriatic acids. Neither the metal nor its oxides have 
been applied to any use. Its atomic weight, or combining 
number, is 56. . 

Rhodium. This metal is hard, brittle, and its specific gra- 
vity is about 11. It is not acted on by any of the acids, 
not even the nitromuriatic, except when alloyed by other 
metals. It requires the strongest heat of a wind furnace for 
its fusion, and when pure is of a white color, and brilliant 
lustre. Its solution in nitromuriatic acid is of a rose red 



What is the use of the aphlogistic lamp 1 What is the equiyalent numher for plat^ 
numl What are the names of the oxides of this metal, and what the proportions of 
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color, ami hence the name rhodium^ frojn a Greek word s|g* 
nifying a rose. 

The atomic weight, or combining numberof rhodium, is 44. 

Iridium and Osmium. When platina is dissolved in aqua 
regia, there remains a black heavy powder, at the bottom of 
the vessel, which consists of a mixture of iridium and 08mi< 
unL Iridium has been fused, only by the heat of an im- 
mense galvanic battery. The metal is white, and of a spe- 
cific gravity next to, that of platinum, being 18.5. It is dis- 
solved with great difficulty in any of the acids ; has been 
obtained only in small quantities, and is of no use. 

Osmium is of a dark gray or blue color, and capable of 
supporting a white heat, without being volatilized, or fused. 
The oxide of this metal is precipitated in its metallic state 
by copper and several of the other metals, and the precipitate 
being agitated with mercury, an amalgam is formed, which 
being heated, the mercury is driven off, and the osmium in a 
pure state remains. In this manner is the metal obtained 
It is of no use, and has been procured only in small quan- 
tities. 

CLASS II. 

Metals, the oxides of which are not reducible to the me* 
tallic state by heat alone. 

Order 1. Metals which decompose water at conmioa tem- 
peratures. These are, 

Potassium, Lithium, Strontium, 

Sodium, Barium, Calcium. 

These metals attract oxygen with the most intense degree 
of force. They absorb it from the atmosphere, and even 
decompose water, by combining with its oxygen, at common 
temperatures. Such is the force by which they hold this 
principle, that their oxides had resisted all attempts to decom- 
pose them, until the discovery of galvanism placed in the 
hands of men a more powerful decomposing agent than was 
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muDber of rhodium 1 How are iridium and osmium obtained 1 What is the speciik 
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ihown to be the oxides of metals 1 
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beftre known. By means of the most intense electrical re- 
pukion, the alkalies, before considered >as simple bodies, wete 
shown to be the oxides of metals. After the secret of their 
composition was known, chemists devised other and less ex* 
pensive means of effecting their decompositions, so that at the 
present time, sodium ana potassium, at first the most expen- 
sive of all substflftces, are within the means of any one 

POTASSIUM — 40 

If a small piece of pure potash, slightly moistened, be put 
between two plates of platinum connectea with the poles of 
a galvanic 'battery of 200 double plates, the alkali will soon 
be fused and decomposed. Oxygen will separate at the posi- 
tive pole, and small metallic globules, like quicksilver, will 
appear at the negative pole. In this manner, Sir H. Davy 
first determined the composition of potash, and separated its 
elements. Potash, therefore, is a compound consisting of a 
metal called potassium, united to oxygen. 

By this process the metal can be obtained only in minute 
quantities ; but chemists, now tmderstanding that to obtain 
potassium in ^ny quantity, only required that the oxygen 
should be iseparated from the potash, soon found more ready 
means of performing the experiment The following is the 
method first employed by Thenard : 

A clean and perfectly sound gun-barrel is provided, and 
bent in the manner shown in Fig. 63, and covered with an 
infiisible lute between the letters O and E, Fig. 1. The in- 
terior of the luted part is filled with clean iron turnings, and 
pieces of fused potash are placed loosely in the part between 
E and C. 

Whtft ki the prooev Ij whidi Sir H. Dttfj deeompond potadil 
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A, A, ia a copper tabe and smsll tecefver, adapted to the 
flxtmnityof the barrd O, and to each other, by giiadiag. 
This appanUuB is th^i tranaferred to a furnace, anuDged aa 
ahovn by Fig. 2. At each end of the barrel are the glass 
tubes X and T, dipped into cups of mercuir, so as to let the 
air ftom the barrel escape, as it is rarefied by the heat, and 
at the same time prevent its return. The iiimace is supplied 
with air b^ a double bellows entering «t B, and a small wire 
basket, Q, is suspended in the space between £, and C. -The 
put of the barrel in the iumace is now raised to a white heat, 
and the escape of air by the tube X, shows th^ all is tight 
Some burning charcoal ia now plaeed in the end £, of the 
basket, which causes a portion of the potash to liquefy and 
fiill into the lower port of the gunbarrpl, among the iron 
turnings. Hydrogen gas instantly escapes at the tube X, in 
consequence of the decomposition of the water contained in 
the potash, by the heated iron. The copper tubes. A, A, 
must now be kept coo! by wet cloths. When the evolution 
of gas ceases, fresh charcoal ia placed under the potash, and 
■0 on till the whole has passed down. If too much potash 
bo allowed to fell down at once, the eitricalion of hydrogen 
at X, will be Tiolent, and should be avoided. If the apace 

Donilw Fig. 63, noil iipbiii ihe DBibod of danrnipadng pvuutabf nwuKiir Ino 



between A and O, should become stopped by potassium, the 
gas will issue at the tube T, and then some burning charcoal 
must be placed between A and O, which will remove the 
obstruction. 

When all the potash has been fused and made to pass 
among the iron turnings, the process is finished, and men 
the tubes X and T, must be removed, and the ends of the 
barrel instantly stopped with corks until the apparatus has 
cooled. The barrel is thefi carefully removed, and a UttlA 
naphtha sufiered to run through it, by which the potassium is 
coated and thus preserved from the contact of air, while pout- 
ing out of the barrel. The potassium is found in gloouks 
in the tube and receiver. A, A. ^ 

The success of this process is certain, if the heat is suffi- 
cient ; but the barrel, if not carefully covered with lute, is iq^ 
to melt, when most, if not all, the potassium will be lost 

In this process, 4hc decomposition of the potash is effected 
by the iron turnings, which at a high heat have so strong an 
attraction for oxygen, as to absorb it from the potassium, an4 
as the iron combines with the oxygen, the potassium is left 
in its pure state. 

Potassium is solid at ordinary temperatures, but becomes 
fluid at 150^, and tben appears like mercury. It is perfectly 
opaque, and a good conductor of electricity and caloric. At 
the temperature of 50°, it is soft like wax, and yields to the 
pressure of the fingers. In this state it resembles an amal- 
gam of mercury and tin. Its specific gravity is 0.865, water 
being 1.000. 

The most prominent chemical nroperty of this metal is its 
extreme avidity for oxygen. When exposed to the air, it | 
oxidizes rapidly, and when thrown on water it decomposes 
that fluid, by absorbing its oxygen with such rapidity as to 
set itself on fire, and burns with a white flame, ana great evo- 
lution of heat, while swimming on its sur&ce. 



What is the condition on which it is said this experiment will certainly racoeed 1 
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POTASSICTM AND OXTOSN. 

Protoxide of Potassium — 48. 
1 p. Potassium 40-fl p. Oxygen 8. 
Potash. 

Potassium combines with oxygen in two propoitions, form 
ing the protoxide, and peroxide of potassium. The first, which 
18 common potash, is formed whenever potassium is put into 
mtfer, or exposed to dry air, or oxygen gas. 

The proportion of oxygen which this metal absorbs, to 
convert it into potash, is readily ascertained by the volume 
of hydrogen liberated when it acts on water. For, when 
potassium is plunged at once under that fluid, it is oxidized 
without the evolution of light or heat, and it is found that 
each grain of the metal so placed, separates 106 cubic inches 
of hydrogen gas. Now, by knowing previously what are the 
relative volumes and weight of hydbrogen and oxygen com- 
posing water, it is easy to calculate the exact quantity of oxy- 
gen Absorbed, by the above data. 

Thus, Sir H. Davy found that 40 grains of this metal de- 
composes precisely 9 grains of water. Now as 9 grains of 
water is composed of 1 grain of hydrogen, and 8 oxygen, so 
40 parts of potassium combines with 8 parts of oxygen, to 
form oxide of potassium, or potash. Potash is therefore com- 
posed of 

Potassium 40 or one atom. 
Oxygen 8 or one atom. 

48 combining number for potash. 

When potassium is allowed to absorb oxygen in the open 
air, or when plunged under water, it combines with only one 
proportion of oxygen, as above stated. But when this metal 
bums in the open air, or in oxygen gas, it is cdhveited into 
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an orange colored substance, which is the peroxide* of potw* 
sium. This is composed of 

4 

Potassium 40 or one atom. 
Oxygen 24 or three atoms. 

The potash of commerce is obtained from the ley of wood 
ashes, boiled down in pots, and hence the name potash. It 
is chiefly used in the manu&cture of soap and glass. For 
the former purpose, the ley itself is oflen employed, and it 
better than the solid potash, dissolved in water, since the pot* 
ash !«oon absorbs carbonic acid, and then its quality for soap 
making is in a great measure destroyed. From this circum* 
stance it is, that soap makers mix with their ley a quantity of 
newly burned quicklime, which renders the solution of potasb 
caustic, by absorbing from it the carbonic acid, with wnich it 
has combined. 

Soft soap only can be made from potash, while hard soap 
is made from soda. 

Common green glass is made by fusing sand and wood 
ashes together, by means of an intense heat, produced: by the 
combustion of dried wood, iii a blast furnace. Flint glassy 
which is perfectly white and transparent, is made by fusing 
together a quantity of potash and white sand, or grouna 
quartz, to which are added a proportion of lead, and a little 
manganese. 

Salt of tartar, salt of wormwood, pea/rlrosh, amd carbonate 
of potash, are only different names for the same article, some 
of which are more pure than others. 

SODIUM — ^24. 

By the same process which showed potash to be a coia- 
pound body, soda was also found to be of the same natara 
Although first procured by means of galvanism, it may b^ 
obtained by precisely the same m^od as that described for 
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die production of potassium, only placing soda in the guft 
barrel, instead of potash. 

Sodium has a strong metallic lustre, similar to that of sil- 
ver. It is a little less fusible than potassimn, not becoming 
perfectly fluid until it has acquired the temperature of nearly 
900^. Its specific gravity is somewhat greater than that of 
potassium, b^ng 0.972. When thrown on water it poduces 
a violent effervescence, but does not inflame like potassium. 
The water is decomposed by its action, hydrogen escapes, 
and there remains a solution of soda in the water. Lake po- 
tassium, it must be preserved in a vial covered by naphtha, a 
substance which contains no oxygen. 

SODIUM AND OXYGEN. 

Protaxtde of Sodium — 32. 
1 p. Soda 24+1 p. Oxygen 8. 

Soda. 

When the metallic base of soda is burned in dry atmos- 
pberic air, protoxide of sodium, or soda, is formed. The 
«am#i99mpound is formed when sodium is thrown into water, 
and tfae composition may therefore be determined in the man- 
ner abeady described for potassium. From such an experi- 
ment it has been found that soda is composed of 

Sodium 1 equivalent 24 
Oxygen 1 do. 8 

32 equivalent of soda. 

The petoxide of soda is composed of the same equivalent 
of sodium, with two equivalents of oxygen. Sodium 24, oxy- 
gen 1&--40. 

'Sfoda is readily distinguished from other alkalies by the 
following characters. With muriatic acid it forms the com- 
mon table salt, with the taste of which, eVery one is fiuniliar. 
With sulphuric acid it forms Glauber's salt, or sulphate of 
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8o4a. All the salts of soda are soluble in water, and are not 
precipitated by any other substances. 

SODIUM AND CHItOnm. 

Chloride of Sodium — 60. 

1 p. Sodium 24+1 p. Chlorine 36. 

Common Salt. 

When sodium is, exposed to chlorine, or is heated in muri- 
atic acid gas, the salt is formed, lately known under the 
name of muriate of soda, or common salt. This is an abun- 
dant product of nature, and exists, ready formed, in Spain, 
England, Poland, and other countries, in large quantities. 
In these countries it is dug out of the earth, and is known 
by the name of rock salt Sea water and certain springs 
also contain this salt in solution. 

When common salt is dissolved in water, and the solution 
is evaporated rapidly, it crystallizes in the form of hollow 
four-sided pyramids ; but if allowed to evaporate spontaneous- 
ly, it occurs in regular cubes. Thus, the crystals show in 
what manner the salt has been manufactured. In England, 
vast quantities of salt are annually raised from the mines, 
chiefly of Cheshire, and purified for sale. The impurities 
consist chiefly of clay and oxide, of iron, besides which, it 
contains various proportions of sulphate of magnesia, or Ep- 
som salt, sulphate of lime, and muriate of lime. It is purified 
by being dissolved in sea-water, and subsequently evaporated. 
Formerly, all the English salt was evaporated, by artificial 
heat, the brine being' boiled until it was ready to shoot into 
crystals. Its crystals were, therefore, always in the form of 
hollow pyramids. But it has been supposed, by victuallers 
and others, that this salt is far less efficacious, as a preserver 
of animal food, than that prepared by the spontaneous evapo- 
ration of sea- water in hot climates. Hence, salt from the West 
Indies, which is crystallized in solid cubes, has been preferred 
for curing provisions ibr long voyages, or for summer use. 
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In this countiy, although immenae quaiitities of connnoii sait 
are manufiictured, by the eTaporation of water from sak 
springs and from the sea, and a sufficient supply for our con- 
sumption might be made, yet we annually import large quan- 
tities from the West Indies, there having been, until lately, an 
opinion that no other kind of salt would preserve animal sub- 
stances through the hot season. 

Dr. Henry, for the purpose of ascertaining the difference 
between English salt, crystallized by heat, and that from the 
West Indies, crystallized by spontaneous evaporation, ana- 
lyzed many specimens of each. The result showed the pre- 
sence of sulphate of magnesia and sulphate of lime in both, but 
the difference in the quantity of muriate of soda, in several 
specimens of each kind, was so trifling, as to make no possi- 
ble difference in respect to their preserving qualities. It is 
presumed, therefore, that the prejudices in favor of foreign 
salt ought to be discarded as imaginary, and that equal 
weights of fine or coarse salt, whether made by artificial or 
spontaneous evaporation, are equally efficacious for all pur- 
poses. 

Common salt contains no water of crjrstallization, but de- 
cripitates remarkably when heated, owing to the conversion 
of the water into steam, which is mechanically confined with- 
in its crystals. Its solubility is not, like most other salts, in- 
creased by heat, and it requires two and a half times its 
weight of water for solution, whether hot or cold. 

LITHIUM 18. 

Lithia is an alkaline substance, discovered by M. Arfwed- 
son, a Swedish chemist, in 1818. It exists in the minerals 
called spodwniene, and lepidolite, and also in some varieties of 
mica. 

This alkali is distinguished from potash and soda, by its 
power of neutralizing larger quantities of the different acids* 
and by its action on platinum, when melted on that metal. 

In respect to its metallic base, called lithium, Sir H. Davy 
succeeded, by means of galvanism, in obtaining a white metal 
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ham lilhia, similar in appearance to sodium, but it was oxi- 
dized so rapidly, and reconverted into the alkali, that it could 
not be collected. 

From the experiments of several chemists on the sulphate 
of lithia, it is inferred that the alkali, lithia, is composed of 
the metal lithium 10, combined with oxygen 8, making the 
combining number for lithia 18. 

Lithia has been procured only in very small quantities, 
and has never been applied to any useful* purpose. 

BARIUM — 70. 

There is a substance, called sulphate of baryies, which is 
found abundantly in nature. By the decomposition of this 
substance, an alkaline earth is obtained, called baryta or ba- 
rytes. When barytes, in the form of paste mixed with water, 
is exposed, in contact with mercury, to the action of a power- 
ful galvanic battery, its decomposition is effected, and the 
metal barium, its base, amalgamates with the mercury. The 
amalgam being exposed to heat, the mercury is driven off) 
and pure barium remains. 

The metal thus obtained, is of a dark gray color, with a 
lustre inferior to cast iron. It fuses at a heat below redness, 
and at a red heat is converted into vapor, which acts violently 
upon glass. The specific gravity of barium is four or five 
times that of water. When exposed to the air, it falls into 
a white powder, which is found to be an oxide of barium, or 
barytes. When heated in oxygen, it burns with a deep red 
light, and when thro^vn into water, the fluid is decomposed* 
hydrogen being extricated. 

BARIUM AND OXTOEN. 

Protoxide of Barium — 78. 
1 p. Barium 70+1 p- Oxygen 8. 
Barytes. 

When the metal barium, is exposed to the air, it falls into 
a powder, which was formerly called pure barytes, or baryta, 
but which Sir H. Davy has proved by the above stated ex- 
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perimenCr to consiat of a metal and oxygan. "Thk miM/bunce 
m dierefbre called oxide ofhannm. 

Oxide of barium may also be obtained by a difierent pzo> 
ceis from that abore described, viz. by exposing the caroon- 
ate of baryta to an intense heat, mixed witn charcoal. 

The carbonate of barytes is found native in small quantities, 
but may be obtained from the sulphate of barytes by a simple 
process. Mix sulphate of barytes in fine powder, with three 
times its weight of carbonate of potash, (pearlash), and a pro- 
per quantity of water. Let the. mixture boil for an hour, now 
and then breaking the lumps into which it is apt to run, with 
a pestle. By this means the two salts will decompose each 
other, and there will be formed carbonate of barytes, and sul- 

Shate of potash. The carbonate may now be exposed to a 
igh heat, or it may be dissolved in nitric acid, and this de- 
composed, which is effected by a moderate heat, when prot- 
oxide of barium, or barytes, will be obtained. This substance 
is of a white color, has a sharp caustic taste ; changes vege- 
table blue colors to green ; neutralizes acids, with which it 
forms salts, and is a strong poison. When water is thrown 
OB it, it falls into fine powder, like quicklime, but with a 
greater evolution of heat. 

Barytes is composed of 

1 equivalent, or atom of barium, 70 
1 do. of oxygen, 8 

The equivalent combining number for barytes, 78 

Barytes is soluble in about twenty parts of water, at com- 
mon temperatures, and this solution forms a delicate test &r 
the presence of carbonic acid. The carbonate of barytes 
being insoluble in water, a white cloud is instantly formed by 
the union. 

STRONTIUM— 44. 

The sulphate and carbonate of strontian, or strontia, are 
native salts. They consist of pure strontian, combined with 
sulphuric and carbonic acids. From the sulphate, the car- 
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t)0iiat6 may be procured by precisely the same means as al* 
Teady described for barytes, and the pure oxide may also be 
obtained, and the metal strontium separated from it, by the 
same process as that described for barytes. 

Strontia resembles baryta in most respects. It slakes in 
water, causing an intense heat, and possesses distinct alkaline 
properties. 

The metal strontium is similar to barium in appearance, 
and when exposed to the air quickly attracts oxygen, and is 
converted into strontia. Perhaps the principal ainerence be- 
tween these two substances, which has been detected, is their 
different combining proportions with oxygen, and the inertness 
of the oxide of strontium on animals. 

The protoxide of strontium connsists of 
Strontium, 1 equivalent 44 
Oxygen, 1 do. 8 

52 

The oxides of barium, as already stated, are strong poi* 
sons, but those of strontium are inert. 

CALCIUM — ^20. 

When carbonate of lime, or white marble, is exposed to a 
red heat, the carbonic acid is expelled, and there remains a 
white caustic substance, well known under the name of quick- 
lime. When this substance is exposed to the action of galva- 
nism, in the same manner as already described for the decom- 
position of barytes, calcium, the metallic base of lime, is sepa- 
rated. This metal is of a whiter color than barium, and has 
a lustre like silver. When exposed to the air, it absorbs oxy- 
gen, and is converted into quicklime, and when thrown into 
water, the fluid is decomposed, its oxygen being absorbed, 
while hydrogen is given off, and a solution of lime remains. 
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CALCIUM AND OXYGEN. 

Oxide of Co/ciiMi— 28. 

1 p. Calcium 20-|-l p- Oxygen 8. 

Quieklime, 

From the quantity of hydrogen eyolyed by the action of 
calcium on water, it has been determined that lime is comr 
posed of 

Calcium, 1 equivalent 20 

Oxygen, 1 do. 8 

Making the equiyalent for lime, 28 

Carbonate of lime exists in great abundance as a natural 
product, under the names of limestone, marble, and chalk. 
Quicklime, the pure earth, is obtained by exposing the car- 
bonate to heat, and Is a substance of great importance in the 
arts, and particularly in building. Mortar is composed of this 
substance combined with water, and mixed with a proportion 
of sand. 

Cluicklime absorbs water with remarkable avidity, and at 
the same time a high degree of heat is produced. This pro- 
cess is called slaking, and the heat is caused by the conden- 
sation of the water into a solid state, in consequence of which 
caloric is evolved. The lime will remain perfectly dry after 
having absorbed one third of its weight of water, which there- 
fore forms a part of the slaked lime, or hydrate of lime. 

Hydrate oi lime is composed of 

28 parts or 1 proportion of lime 
9 parts, or 1 do. of water 

37 is therefore its combining number. 
Lime is very sparingly soluble in water, and it is a singular 
bet, that it is more soluble in cold, thail in hot water. Thus, 
Mr. E^ton found that one grain of lime, at the temperature 
of 212° required 1270 grains of water for its solution, while 
at the temperature of 60°, the same quantity was dissolved in 
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778 grains of water. By other experiments, it has been 
foivid that water, at the freezing point, will take up just twice 
the quantity of lime that it will at the boiling point. Conse*- 
quently, oa heating lime water, which has been prepared in 
the cold, a deposition of the lime will ensua Lime Avater, 
therei^re, when used for medicinal purposes, should be pre- 
pared in cold, instead of hot water, as commonly directed, 
and should also be kept in a cool place. It should likewise 
be closely stopped from the air, for, as the lime has a strong 
attraction for carbonic acid, of which the atmosphere always 
contains a small portion, if left open, it is soon converted into 
carbonate of lime, as shown by the production of a thin pelli- 
cle on its surface. 

Ldme water is a delicate test for the presence of carbonic 
acid, with which it forms a white insoluble compound, the 
carbonate of lime. The air from the lungs contains a small 
quantity of carbonic acid, and hence, on blowing into a Tesaet 
of clear lime water, it instantly becomes cloudy, or turbid 

LIME AND CHLORINE. 

Chloride of Lime — ^92. 

2 p. Lime 56+1 p. Chlorine 36. 

Ozymuriate of Lime, Bleaching Powder. 

The gas called chlorine, as already shown, possesses ateong 
bleaching or whitening powers ; but as it would be incon- 
venient to manu&cture this gas at every place where it is 
wanted, and as its application is more convenient when com- 
bined with some other substance, it is ibund that in practice, 
these purposes are best answered by first combining it with 
lime. The manu&cture of bleaching powder is a business 
of great importance, and is carried on in large establish- 
ments prepared for the purpose. 

The retorts, in which the gas is extricated, ate made of lead 
or platina.** lif of lead, they must be of new metal and cast, 
for the gas acts on tin, a part of the composition of solder. 
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and since old lead generally contains a portion of this metel, 
owing to its having formerly been soldered, it is soon destroy* 
ed. These retorts are placed in iron vessels of wmter, to 
which the heat is appliea. In large manufactories, each re- 
tort is capable of containing 10 cwt of common salt, ground 
with from 10 to 14 cwt of black oxide of manganese, in pro- 
portion as the latter contains more or less oxygen. This 
being introduced, there is added from 16 to 18 cwt. of snl> 
phuric acid, of the. specific gravity of 1 650. The lime, recently 
slaked, is contained in trays, or shallow boxes of wood, j^acea 
in a large chamber, built of granite, or siliceous sandstone, 
or lined on the inside with lead This chamber has two 
windows of glass opposite to each other, through which the 
workmen are enabled to see how the process goes on. Every 
part of this chamber is made air tight, the door being secured 
oy fiit lute, and strips of cloth. 

In order to get rid of the remaining gas, after the absorp- 
tion of the lime is completed, there are three trap doors, one 
in the roo( and two in the floor or sides of the chamber. 
These are opened by means of ropes and pnllies, so that the 
workmen may avoid the vapor that passes out. 

The lime being placed in the boxes, the gas is let in to the 
chamber from the retorts, under which a fire is afterwards 
kindled, in order to hasten the process, and obtain more 
chlorine. The gas, being heavier than air, is let in at the 
upper part of the room, and gradually descends, while the 
air in part mixes with it, and in part rises above it. 

The lime absorbs the chlorine with great avidityv its con- 
densation causing the evolution of a large quantity of caloric ; 
the latter circumstance is, however, to be avoided, as too high 
a heat partly decomposes the chloride of lime, by expelling 
the oxygen, and thus forming a chloride of calcium instead 
of a chloride of lima The gas is, therefore^ admitted slowly, 
in order to avoid this consequence. 

The process continues four days, before the absorption is 
considered sufficient to make the best bleaching powaer, for 
its quality depends entirely on the quantity of chlorine which 
the lime contains* 
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In some manu&ctories, the lime is stirred by means of 
rakes, with long handles passing through the sides of the 
room, the passages being made close, by means of milk of 
lime, or lime moistened, so as to be about the consistence of 
cream, and contained in boxes through which the handle 
passes. In others, the trass above described, are opened at 
the end of two days from toe beginning of the process, and 
when the gas has subsided, the workmen enter and rake 
over the lime, so as to present a new surface to the action of 
the gas. The doors and traps are then closed, and the gas 
aditiitted for two days more, at the end of which time the 
process is finished, and the doors are again opened, and the 
chloride of lime removed, and put into close casks for use. 

In general, according to Mr. Gray, a ton and a half of 
good bleaching powder is considered the average product of 
each ton of the salt employed. 

It is said that the principal difficulty in the manufacture of 
this article, is the production of chloride of calcium, by do- 
composition, instead of the chloride of lime. To understand 
the cause of this difficulty, it must be remembered, that cal- 
cium and chlorine have a stronger affinity for each other than 
calcium and oxygen. Lime is composed of calcium and 
oxygen ; and chloride of lime is therefore composed of oxy» 
gen, calcium, and chlorine. Now these three elements being 
present, there is formed a chloride of calcium, in consequence 
of the cause just stated ; and in proportion as this is formed, 
the bleaching property of the salt is destroyed, this property 
being possessed only by the chloride of lime. Tne samA 
effect is produced when the temperature is raised too high 
during tne manufacture of this compound, for then the oxy- 
gen of the lime or base is expelled, and the calcium and 
chlorine form chloride of calcium. The only mode of ayoidp 
ing this difficulty, appears to consist in admitting the chlorine 
slowly, as already stated. 

This salt is also subject to decomposition from other causes. 
When mixed with water, and exposed to the action of the 
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atmoiphere, carbonic acid unites with the lime, while the 
chlorine is expelled, and thus a carbonate instead of a chlo- 
ride remains, or by decomposition of the water, a muriate of 
lime is formed, which is also without bleaching properties. 

As the goodness of bleaching powder depends entirely on 
the quantity of chlorine it contains, it is a matter of great 
consequence to the purchaser to ascertain its quality in this 
respect, by actual experiment. According to the experiments 
of Dr. Ure, lime, under a slight pressure, is capable of con- 
densing nearly its own weight of chlorine; but according to 
the same author, the bleaching powder of commerce always 
contains a considerable proportion of the muriate of lime, 
while the chloride itself often does not contain more than one 
half or one third the quantity of chlorine which the lime is 
capable of absorbing. Hence the consumers of this article 
are often cheated out of one half or two thirds of the price 
they pay for it, besides the delay and vexation incident upon 
the feilure of the process in which it is used. The manufac- 
turers of paper and cotton goods are often, sensible of this &ct, 
by experience. 

It appears, on experiment, that when bleaching powder is 
.kept for a considerable time, even in properly secured ves- 
sels, such as glass bottles well corked, that it still slowly un- 
dergoes the same change, which is immediately efifected by 
heat, as described above. This seems to be in consequence 
.of the superior affinity of chlorine for the calcium, or the 
metallic basis of the lime, by which the oxygen is slowly 
disengaged, and a chloride of calcium, or muriate of lime, is 
formed, and thus the bleaching power is in process of time 
entirely destroyed. 

The principal expense of manufacturing chloride of lime, 
being that of the chlorine itself, and there being no method 
of ascertaining its quantity, except by experiment, the pur- 
chaser generally has to depend chiefly on the honesty of the 
. manufacturer, for the goodness of the article, even when re- 
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eently made. But as there are several causes of decompo- 
sition, even when it is honestly and carefully made, the buyer 
is still liable to be deceived, unless he makes his experiment 
before the purchase. 

Under such circumsti^nces^ the English chemists have de- 
vised several simple methods of testing the quality of bleach- 
ing powder, in order that the buyer might judge of its good- 
ness without actual trial at home. 

One of these methods is, to expose the salt to a sufficient 
degree of heat to expel the oxygen from the lime, and by 
measuring its quantity, to judge of tho quantity of the chlo- 
ride of lime. The quantity of oxygen thus expelled, indicates 
the quality of the bleaching powder, so far only as records 
the quantity of muriate of lime with which it is mixed; for 
as above stated, the base of the chloride contains oxygen, 
while the muriate contains none. But in addition to the im- 
perfection of this method in not indicating the actual quan- 
tity of chlorine present, there is much difficulty in ascertain* 
ing the quantity of oxygen by it, since various proportions of 
chlorine might also be disengaged by the heat, alonc^ with 
the oxygen. This method cannot tnerefore be readily or 
generally employed. 

It has also been proposed, to analyze the powder by nitrate 
of silver. But this test only indicates the quantity of muriate 
of lime, by forming with the muriatic acid an insoluble chlo- 
ride of silver. This test is therefore useless. 

Several other methods have been tried, and among them, 
that of destroying the color of a certain quantity of indigo 
has been most employed. 

\ known quantity of indigo being in solution, a certain 
number of grains of the powder is aaded, and the strength of 
the ktter ascertained by the amount of coloring matter de- 
stroyed, or by the number of grains required to discharge, 
entirely, the color of a certain quantity of indigo. 

This method has the advantage of simplicity, but is defec- 
tive in other respects, and particularly so in regard to the 
difference in the quantity of coloring matter in dinerent kinds 
or specimens of indigo. 

The most accurate method is to decompose the chloride 
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of lime confined in a glass tube, over mercury, by means of 
muriatic acid. The chloride by this means would only be 
decomposed, and converted into the muriate of lime, while 
the muriate already formed, would remain as befora By 
this process the chlorine of the chloride is set free, unmixed, 
and its quantity readily measured by the tube in which the 
experiment is made. 

There being no standard of the quantity of chlorine which 
the best bleaching powder ought to contain, it is by the com- 
parison of different specimens only, that the purchaser can 
be guided. 

Experiments have long since shown, that chlorine has the 
power of combining with, or in some other manner, neutral- 
izing, or destroying, the fetid exhalations arising from putri- 
fying substances, and of preventing their deleterious effects. 
tn cases of infectious disease,' therefore, it is highly useful. 
For this purpose, a table spoonful or two of the powder is 
mixed with a pint of water, and placed in the sick room, and 
sprinkled in the ro^s adjoining. The fetid effluvia from 
putrid water, from sink drains, or from any other source, is 
immediately destroyed by the application of a quantity of the 
chloride. 

By placing a sheet, wet with the chloride of lime water, in 
the bottom of the coffin, and ailerwards often sprinkling the 
shroud with the same, the bodies of the dead may be pre- 
served without offence for many day^ in the hottest season. 

Phosphuret of Lime. This compound is formed by passing 
the vapor of phosphorus over fragments of quicklime, at<a red 
heat. The experiment may be performed in the foUqjjfving 
manner. 

Having procured a tube of green glass about a foot and a 
half long, and half an inch in diameter, stop one end with a 
cork, or otherwise, and place in it a drachm of phosphorus, 
letting it occupy the closed end. Then holding the tube in 
a horizontal position, push into it with a wire, or rod, pieces 
ef fresh burned quicklime about the size of peas, until they 
^£11 the middle part of the tube, taking care that the lime does 
not reach the phosphorus by two inches. Then stop the 
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month of the tube loosely, to prevent the free access of the 
air, but leaving room for that in the tube to pass out as it ex- 
pands. 

Next, heat that part of the tube containing the lime red 
hot, by means of d chafing dish of coals, at the same time 
keeping the phosphorus cool by a wet rag passed round the 
end of the tube. When the lime is seen to be at a red heat, 
bring a hot iron or lamp under the phosphorus, which will 
soon be turned into vapor, and passing over the lime, the two 
substances combine, and form the phosphuret of lime. 

When phosphuret of lime is thrown into water, mutual de- 
composition ensues, and there rises bubbles of phosphuretted 
hydrogen through the fluid, which take fire on reaching the 
air. The phosphorus absorbs the oxygen from the water, 
thus liberating the hydrogen, which combines with a portion 
of phosphorus, forming the gas above named. 

Order 2. — Metals which are supposed to be analogous to 
order 1st, but whose properties are but little known. These 
are, 

Magnesium Ittrium and 

Glucinum Aluminum Zirconium 

Magnesia, glucina, ittria, alumina, and zirconia, before 
the galvanic experiments of Sir H. Ekivy, have been known 
Under the general name of earths, and were considered pure 
elementary substances. When these earths are submitted 
to the action of a powerful galvanic battery, they all give 
more or less evidence that their bases are metals combined 
with oxygen. Magnesia, for instance, when exposed for a 
long time to the action of a powerful battery, in contact with 
mercury, appears to be decomposed ; for the mercury be- 
comes enlarged in bulk, and losing its fluidity, shows signs 
of having formed an amalg-am with the metallic base of the 
magnesia. When this amalgam is heated in a close vessel 
out of contact with the air, the mercury is driven oflf, and 
there remains a dark gray film, of a metallic appearance, \^ 
which, when exposed to the action of oxygen, is converted 
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into a white powder, having the properties of magnesia. It 
is therefore concluded, that magnesia has a metallic baae, 
though the metal itself has never heen separated in such 
q^uantities as to allow any further examination of its proper- 
ties than those ahove stated. 

When the earth alumiTUt^ which is the hase of alum, is 
hrought into contact with the vapor of potassium at a white 
heat, and in a close vessel, the potassium is converted into 
potash. Now, as potassium is converted into potash only by 
the absorption of oxygen, and as the oxygen could have been 
derived from no other source except the alumina, such an ex- 
periment shows that alumina contains oxygen, and therefore 
oy analogy, there is reason to suppose that alumina is com- 
posed of the metal aluminum and oxygen. 

The other earths above named, when submitted to similar 
experiments, have each shown that they contained oxygen; 
and as potash, soda, and lime, are known to be metallic ox- 
ides, that is, to consist of a metal combined with oxygen, it is 
inferred that the earths, possessing similar properties, are 
also composed of a metal united with oxygen. It is therefore 
agreed among writers on chemistry, that the bases of these 
earths should be arranged as metals, under the names above 
specified; though their existence, with perhaps the exception 
of magnesium, has never been directly proved. 

In consequence of the discovery, or the inference, that the 
earths possess metallic bases, their names, in conformity with 
the language of chemistry, are changed from words denoting 
simple bodies, to such as denote compounds. Thus, the earth 
formerly called magnesia, is now known under the name of 
oxide of magnesium, and the simple term alumina^ is changed 
to oxide of aluminum, the same language being adopted ^inth 
respect to all the other earths above named. 

* Properties of the Earths. 

Magnesia, or oxide Magnesium. Pure magnesia is well 
known as a medicine, under the name of calcined magnesia. 
This is obtained by exposing the carbonate of magnesia to a 
red heat. It is white, tasteless, and inodorous, but possesses 
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slight alkaline properties, being capable of changing the blue 
colors of vegetables to green, and of neutralizing the acids, 
with which it forms various saline compounds. C^e of these, 
the sulphate of magnesia, or Epsom salt, is a well known 
medicine. 

Magnesia, in a few instances, has been found in the native 
state, but , always in small quantities only. That sold by 
apothecaries is obtained from certain springs, as that of Ep- 
som, where it exists, in combination with sulphuric acid, 
forming Epsom sah, which is dissolved in the water. 

Calcined or pure magnesia, if exposed to the air, absorbs 
carbonic acid, and is converted into a carbonate. Hence, a 
large proportion of that used in medicine, and sold for cal- 
cined, is in truth the carbonate, the change being, effected by 
carelessness, in exposing the calcined to the air. 

Alumina, or Oxide ofAlumintcm. The earth alumina is one 
.of the most abundant productions of nature, every description 
of clay being an aluminous earth, of a greater or less de- 
gree of purity. The clay, of which bricks, pipes, and earthen 
wlire are made, consists chiefly of this earth. The ruby and 
the sapphire, two of the hardest and most beautiful of gems, 
are also composed of alumina. Pure alumina, for experi- 
ment, is most easily obtained from alum, which is a sulphate 
of alumina and potassa. To obtain the earth, dissolve one 
part of alum in six parts of boiling water, and when the so- 
mtion is cold, add one part of carbonate of potash. By this 
process the sulphate of alumina is decomposed, in conse- 
quence of the strong affinity existing between the potash and 
sulphuric acid, and two new salts are formed, viz. sulphate of 
potash and carbonate of alumina, the latter being precipitated 
to the bottom of the vessel. This precipitate being washed, 
and then exposed to a red heat, to expel the carbonic acid, is 
pure alumina. 

The substance, thus procured, is .white, inodorous, soft to 
the touch, and tasteless. Mixed with water, it forms a mass 
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which 18 exceedingly plastic, and may be worked into all 
shapes. The tenacity of every kind of clay is owing to the 
alumina it contains. 

Alumina, being insoluble in water does not affect the co- 
lors of vegetables. It, however, performs the part of an 
alkali in neutralizing the acids, and forming with them saline 
compounds. 

Glucina, or Oxide of Glucinum. The earth called glucina 
has been discovered but in small quantities, being known to 
exist only in the minerals, emerald, beryl, and euclase. Its 
name comes from a Greek word signifyhig sweet, because 
some of its combinations are sweet to the taste. In some of 
its properties it resembles alumina, and in others it differs 
from all the other earths. One of its distinctive properties 
is that above mentioned, of forming a compound, when dis- 
solved in sulphuric acid, which is sweet to the taste. 

Ittria^ or Oxide of Ittrium. - Ittria resembles alitmina and 
glucina in most of its chemical properties, but differs from 
them both, in being insoluble in a solution of pure potash. 
This earth has been found only in a single rare mineral, in 
Sweden. It forms peculiar salts, when combined with the 
acids, and is thus known to differ frpm all the other earths. 

Zirconia, or Oxide of Zirconium. This earth is also ex- 
ceedingly rare, having been detected only in the zircon, a pre- 
ciwis stone fpund in Ceylon, and the hyacinth of France. 
It resembles alumina and the other earths in being a white 
soft powder. Its salts are distinguished by being precipitated 
from their solutions by all the pure alkalies. 

Zirconium, the base of this earth, was separated from its 
oxygen, by the Swedish chemist, Berzelius, in 1824. It wa* 
in the form of a black powder, which took fire in the opc! 
air at a temperature &r below a red heat, and burned with i 
bright flame. The product of the combustion was zirconia 
But whether this base is of a metallic nature, has not bees 
decided. It is wanting in one property ccmunon to all metals, 
being a non-conductor of electricity. 

SUica, or Oxide of Silicium. Sir H. Davy's experiments 
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on silica lead him to suppose, that in common with the earths 
«bove described, it had a metallic base, and it was arranged 
with them, in conformity to this opinion. But more receimy, 
Berzelius has succeeded in decomposing this earth, and has 
given an account of the properties of its base. From this we 
learn that silicium is of a dark brown color without the least 
trace of metallic lustre. That it is incombustible in the open 
air or in oxygen gas, and that^ it may even be exposed to the 
flame of the blowpipe without fusion, and without suffering 
the least change. It is not dissolved by any of the acids, ex- 
cept a mixture of the nitric and fluoric, with which it readily 
enters into solution. It is not a conductor of electricity. 
These properties, and particularly its want of metallic lustre, 
and of power to conduct electricity, prove that the base of 
silica is not of a metallic nature. 

Silica, or silex, is a very abundant natural product. It forms 
a large part of all granitic, or primitive rocks, and moun- 
tains, and is the chief ingredient in sandstones, and earthy 
formations. Rock crystal, or quartz, flint, chalcedony, agate, 
cornelian, and all other substances of this kind, are composed 
almost entirely of silex. 

. Silica maybe obtained in sufficient purity, for most purpo- 
ses by heating transparent rock crystal to redness and plung* 
ing it into water while hot, and then reducing it to powder. 

In this state, silex is a white powder, which feels harsh 
when rubbed between the fingers, and has neither tastenor 
smell. It is exceedingly infusible, but may be melted with 
the compound blowpipe. It resists the action of all the acids, 
except the fluoric, which dissolves it Avith considerable faci- 
lity. It is dissolved by the fixed alkalies, and hence it would 
appear that its properties are rather of an acid, than of an al- 
kaline nature. On this account several chemists have called 
silica an acid, and the compounds which it forms with the 
alkalies, have been termed silicates. 

From what has been said, the student will infer that there 
18 yet considerable doubt and uncertainty, in respect to the 
real nature of silica. 

Dr. Thompson, being convinced of its non-metallic nature, 
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arranges it with tlie simple bodies carbon and boron. There 
is no doubt, however, from the experiments of Davy and Ber- 
zelius, of its compound nature ; and that it consists of a base 
combined with oxygen, has been proved by direct experiment 
But that its base is not a metal is proved from its want of lus- 
tre, and power to conduct the electric fluid, these two proper- 
ties being essential to all metallic bodies. 

Silex in the form of sand, is a principal article in the ma- 
nufacture of glass. The common dark colored, or green 
glass, is composed of impure sand, which contains oxide of 
iron, melted with kelp, wood ashes, or impure potashes. 
Crown glass, for windows, is composed of white sand, fused 
with, a purer alkali. Plate glass, for looking glasses, is made 
of still purer materials ; and what is known by the name of 
flint glass, of which decanters, and other ornamental or cut 
glassware is made, is composed of the purest sand and al- 
kali, with the addition of a considerable portion of lead, which 
is added in the form of litharge, or red lead. This is the 
softest and heaviest kind of glass. It cuts more easily, and 
withstands the changes of temperature much better than glass 
containing no lead. 

Order 3. — ^Metals which decompose water at a red heat 
These are, 

Manganese, Iron, and 

Zinc, Tin, Cadmium. 

The power of a metal to decompose water, depends on its 
afllnity.for oxygen. In some instances, as in those of potas- 
sium and sodium, already given, the metals have so strong 
an aflinity for oxygen, as to absorb it from water, at common 
temperatures. Other metals do not decompose this fluid at 
any temperature, such being the 4th order of the present class. 
Those now to be examined, have an affinity for oxygen, which 
they slowly absorb from the atmosphere, and a part of which 
they retain at high degrees of heat But their attraction for 
oxygen is not in sufficient force to decompose water, except 
when heated to redness, when the combination is effected 
with considerable rapidity. 
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HANGAKESE — ^28. 

Tiiis metal always occurs in nature in combination with 
oxygen, and which it holds with such force as to require the 
most intense heat for its removal. The metal may, however, 
be obtained in a pure state, by exposing the black, or per* 
oxide, mixed with a combustible, to the highest heat of a 
smithes forge. The ' combustible, which may be pitch or 
powdered charcoal, with which the oxide is mixetf, is thus 
made to absorb the oxygen, and the metal is found at the 
bottom of the crucible. 

Manganese is of a dusky white color, with a specific gra- 
vity of 8. When exposecl to the air it absorbs oxygen, and 
soon falls into powder, which aflerwards changes its color 
from gray to brown, and from brown to black, according to 
its grade of oxidation. When this metal is exposed to a red 
heat, and the steam of water is passed over it, decomposition 
takes place, the oxygen of the water combines with tne man- 
ganese, and the hy(&og<en is disengaged. 

HANOANESE AND OXYGEN. 

Peroxide of Manganese — 44. 

1 p. Manganese 28H-2 p. Oxygen 16. 

Black Oxide of Manganese. 

This compoutid occurs abundantly in nature, and is knotvB 
under the name of black oxide of manganese. It is found in 
amorphous masses, of a dark gray or nearly black coloi, and 
is commonly mixed with various proportions of sand, oxide 
of iron, carbonate of lime, or other impurities. In its pure 
state, it occurs in the- form of prismatic crystals of a dark 
color, and slightly metallic lustre. 

In this state the metal contains its full proportion of oxygen, 
and undergoes no change on exposure to the air, or to a 
moderate heat. When heated to redness, it parts with one 
proportion of oxygen, and is converted into a deutoxide. In 
this manner oxygen gas may be obtained. The peroxide of 
manganese is of considerable consequence in th^ arts, and 
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particularly in the formation of chlorine for the manufiu^tun 
of bleaching powders, and also in furnishing oxygen gas for 
other chemical uses. The methods for obtaining these gases 
have already been described. 

The peroxide of mercury is composed of 

1 proportion of manganese, 28 

2 proportions of oxygen, 16 

44 

There are two other oxides of manganese, viz. the proiox' 
ide, and the deutozide. There is also reason to believe that 
manganese is capable of combining with such proportions of 
oxygen as to form acids ; but the subject has not been suffi- 
ciently investigated to determine the composition or nature 
of these compounds. 

Manganese combines with the acids, and forms a variety 
of salts, which are either colorless, or of a reddish or pink 
hue. These salts are found only in the laboratory of the 
chemist, and are of no use in the arts. At a red heat this 
metal decomposes water. 

IRON — ^28. 

This well known metal has a gray color, and a strong 
metallic lustre, which is much improved by burnishing. Iron 
is at once the most useful, the most abundant, and the most 
universally diffused of all the metals. It is found in the 
mineral, the vegetable, and the animal kingdoms, and in 
some countries it exists in such quantities as to form moun- 
tains of considerable size. 

When heated, it becomes soft and malleable, and in this 
staile two pieces may be incorporated, or welded together, by 
hammering. Its specific gravity is about 8. It is attracted 
by the magnet, and may itself be made permanently magnetic 
This property is of vast consequence to the world, being pos- 
sessed by no other metals except nickel, and cobalt, and by 
these in a ^uch inferior degree. 

Iron has a strong affinity for oxygen, and when exposed to 
air and moisture, soon rusts or oxidates on its surface. In a 
perfectly dry atmosphere, however, it undergoes little or no 
change, a proof that it absorbs oxygen with more facility 

What H the compaeition of the peroxide of manganese 1 What is said of the acids o( 
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from water than from the air. When heated, it attracts oxy- 
gen both from air and water, with great rapidity. When 
the steam of water is passed over iron, at a red heat, the wa- 
ter is decomposed, its oxygen combining with the metal, 
while the hydrogen is set at liberty. When heated to red- 
ness, in oxygen gas, it burns with intense brilliancy. Iron is 
exceedingry ductile, and may be drawn into wire not exceed- 
ing the thousandth part of an inch in diameter ; but it cannot, 
like gold and silver, be hammered into thin leaves, and there- 
fore is not highly malleable. 

The ores of this metal are very numerous, and some, of 
them highly beautiful and interesting. They are chiefly sul- 
phurets and oxides, but the oxides are the only ores from 
which the metal is obtained. 

Iron has, in a few instances, been found in its native state, 
mixed with lead and copper, or with some earthy substance; 
It has also been found in large masses, alloyed with five or 
six other metals, and called meteoric iroji, from an opinion that 
these masses fell from the clouds. Native iron is soft and 
malleable as it occurs, and does not difler from that which 
has been reduced from its ores and purified. 

Cast iron contains T^riable proportions of carbon and oxy- 
gen, and in this state it is hard and brittle. These impuri- 
ties are detached by the process of refining, and then the iron 
becomes soft and malleable. 

Steel is made by heating pure iron with carbon, or char- 
coal, by which it is rendered exceedingly hard and brittle. 
This change is produced in consequence of the absorption of 
a portion of carbon by the iron. Steel, therefore, is compo- 
sed of iron and carbon, and its scientific name is carburet of 
iron. 

IRON AND OXTOEN. 

Oxide of Iron. 
Rust of Iron. 

Iron combines with oxygen in two proportions, forming the 
blue and red oxides of this metal. 
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Protoxide of Iron, The black or protoxide of this melal 
ifl formed by passing dry hydrog^a over the red oxide, at a 
temperature a little below redness. This oxide is composed 
of 1 equivalent of iron 28, and 1 equivalent of oxygen 8. Its 
combining number, therefore, is 36. 

The Black Oxide of Irony which occurs in the form of 
scales, when iron is heated and hammered in the open air, is 
not a definite compound, but a mixture of the black oxide and 
metallic iron. 

Peroxide of Iron. This is the red oxide, and is known to 
mineralogists as a native compound, under the name of red 
hematite. The same article is known to button makers, and 
other artists, under the name of blood stone, and is employed 
to polish their work. The peroxide may be prepared by art, 
by dissolving iron in nitric acid, then precipitating it with 
ammonia, and heating the precipitate to a little below red- 
ness, to drive off the acid. Its color and other properties are 
like those of the' native red oxide. The peroxide of iron is 
composed of iron 28, and oxygen 12. 

Tne Brown Oxide of Iron is composed of precisely the 
same proportions of the metal and oxygen as the red oxide, 
Imt in addition to these ingredients, it contains one proportion, 
or 9 parts of water. 

The other oxides of iron are either mixtures of the red and 
blue oxides, or one or both of these oxides containing vari- 
ous impurities. The great number of oxides of this metal, 
described in books of mineralogy, and differing from each 
other in color, hardness, and form, arise from such mixtures. 
Thus, the magnetic oxide of iron, or native magnet, is com- 
posed of peroxide of iron 71, and protoxide 29 to the 100. 
The brown oxides of iron all contain water, and are, therefore, 
called hydrates. The ochres are of this kind. 

Iron combines with carbon, sulphur, iodine, phosphorus, 
and the different acids. Its compounds are, therefore, ex- 
ceedingly various, in respect to form, color, and properties. 
We shall, however, examine only two or three of these com- 
pounds here, the salts being reserved for another place. 

Carburet of Iron. Steel, we have already said, is a car- 
buret of iron. This important metal is manu&ctured from 
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the iron, by exposing the latter to a long continued red heat, 
in contact with charcoal. For this purpose, the purest mallea- 
ble iron, in bars, is employed, and is found to gain in weight, 
one pound in 150, by the process. Steel, therefore, consists 
of iron combined with a 150th part of its weight of car- 
bon, which it absorbs from the fire. When iron is per- 
fectly enclosed, and heated with a fragment of diamond, it is 
converted into steel, in the same manner as when heated 
with charcoal. This experiment shows the identity of car- 
bon and diamond, tbe only difference being the color and 
crystalline form of the latter. It also proves that the hard- 
ness of steel is owing to the particles of diamond which it 
contains. 

The native carburet of iron, commonly known under tne 
name of black lead, or plumbago, contains 95 parts of car- 
bon and 5 of iron. This substance is infusible at the high- 
est heat of a furnace, and hence is employed in making cru- 
cibles and melting pois. It is also used in making black lead 
pencils. 

Sulphur et of Iron. This compound occurs as a natural 
product, and is known to mineralogists and others, under the 
name of iron pyrites. It is a yellow brittle substance, often 
crystallized in the form of cubes, or octohedrons, with their 
surfaces highly polished. These specimens are generally 
taken for gold; by those who are ignorant of such matters, 
and the places where they are found, are sometimes kept a 
profound secret for years, for fear the owner of the soil should 
claim a part of the wealth. Every mineralogist, on pro- 
nouncing such specimens of no "vulue, has occasionally wit- 
nessed the fallen countenance of the applicant, whose hopes 
and expectations he had thus blasted. Sulphuret of iron may 
also be formed by touching a bar of iron, at a glowing rea 
heat, with a roll of brimstone. The compound will fail down 
in drops. The natural and artificial su]phurets are composed 
of precisely the same definite proportions, viz. iron 28, and 
sulphur 16. 
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ZINC 34. 



Zinc, when pure, is of a bluish white color, and of a stn- 
ated fracture, presenting the result of a confused crystalliza- 
.tion. When rubbed with the fingers it imparts to them a pe- 
culiar metallic taste and smell. When cold, this metal is not 
malleable, but when heated to between 200^ and 300^, it be- 
comes both malleable and ductile. If its temperature be raised 
to 400°, it becomes so brittle as to be readily reduced to pow- 
der, in a mortar. 

Zinc melts at 680 degrees, and if this temperature be in- 
creased, it burns with a bluish flame in the open air. When 
melted with copper it forms the alloy, well known under the 
name of brass. 

This metal never occurs in the native, or pure state, but is 
always found combined either with sulphur, carbonic acid, or 
oxygen. The sulphuret of this metal, called zinc ble7ide,3nd 
the carbonate, called calamine^ are the ores from which zinc 
is obtained. The sulphuret being roasted, that is, submitted 
to a low red heat in the open air, to drive off the sul- 
phur, and oxidize the metal, is then melted with charcoal, by 
which the oxygen is absorbed, and the metal reduced. The 
calamine is first roasted to drive off the carbonic acid, and is 
then distilled in iron retorts, by which meaos the pure metal 
is obtaiHed. Tiiis latter process is said to have been learned 
of the Chinese, and that a man was sent from Europe to 
China on purpose to obtain the secret. Pure zinc, when ex- 
posed to a white heat in a close vessel, will, in the same man- 
ner sublime, and again condense, unchanged. 

XfNC AND OXYGEN. 

Oxide of Zinc — 42. 
1 p. Zinc 34-{- 1 p. Oxygen 8. 

Flowers of Zinc, 

When zinc is exposed to a red heat in the open air, it bums 
With a white flame, and at the same time an oxide of the 
metal is formed, which rising by the heat, falls around the 
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place of combustion in the form of white flakes. This sab- 
stance was formerly called floweis of zinc, and sometimes 
philosophical wool. It is an oxide of the metal, and the only 
one known. When this oxide is collected, and again sub- 
mitted to the fire, it does not j-ise, as before, but melts into a 
clear glass. 

When the vapor of water is brought into contact with 
metallic zinc at a red heat, the water is decomposed, the zinc 
combining with its oxygen, and forming an oxide, in the same 
manner as is done in the open air. Both these oxides are 
composed by weight, of 

1 atom, or equivalent of zinc, 34 
1 do. do. oxygen, S 

Combining number for oxide of zinc, 42 

CADMIUM — 56. 

Cadmium is one of the new metals, having been discovered 
in certain ores of zinc, in 1817. This metal in color and 
lustre resembles tin, but is harder and more tenacious. It is 
l)oth ductile and malleable to a considerable degree. Its spe- 
cific gravity is nearly 8.5. It fuses at a temperature some- 
what less thsQ 500 degrees, and at a little higher heat it rises 
in vapor, an3 'eondenses in globules like mercury. 

When cadmium is heated in the open air, like many other 
metals, it absorbs oxygen, and is converted into an oxide. 
It is readily dissolved by the nitric acid. When heated in 
contact with the vapor of water, the fluid is decomposed, and 
an oxide of the metal is formed. 

Cadmium combines, so far as is known, with only one pro- 
portion of oxygen. This oxide is composed of 

Cadmium, 1 equivalent 56 
Oxygen, I do. 8 

64 

Cadmium, like the other metals, forms salts by combina- 
tion with the acids. But these compounds are little known, 
and of no value. 

WiiBt WB8 this oxide formerly called 1 How may zinc be made to decompoee water t 
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TIN — ^59. 

Tin must be examined in the state of grain, or block tin ; 
what is commonly called tin, being sheets of iron, merely 
covered with this metal. 

Tin is procured from its native oxides, by heat and charcoal, 
on the same principle that has already been described for iron 
and several other metals. The ores of tin are only two, viz. 
an oxide, and a sulphuret. This metal is not readily oxidized 
by exposure to the atmosphere, though the brilliancy of its 
surface is soon tarnished. It is highly malleable, but not 
equally ductile, its tenacity not being sufficient to allow its 
being drawn into fine wire. Its specific gravity is 8. When 
heated to whiteness, it takes fire m the open air, and bums 
with a white flame, being at the same time converted into an 
oxide ; at a red heat it decomposes water. 

Tin is a highly useful metal, being employed for many va- 
luable purposes in the arts and conA'eniences of life. Thin 
sheets of iron, being dipped into melted tin, receive a coat of 
the metal, and are thus prevented from rusting. This is called 
sheet tifi, and is the article of which the common tin ware is 
made. Tin foil, that is, tin rolled into thin sheets, is used 
for many purposes. Electrical jars are coated with it, and 
the backs of looking-glasses are formed of ^ft- amalgam of 
tin foil and mercury. Block tin forms a pRi of Britannia 
ware, of princes' metal, of pewter, speculum metal, &c. 

TIN AND OXYGEN. 

Tin combines with oxygen in two proportions : The first, 
or the protoxide, is formed Avhen the metal is kept for some 
time in fusion in the open air. At this temperature it absorbs 
oxygen from the atmosphere, and is converted into a gray 
powder. This powder is the protoxide, and is composed of 

1 equivalent, or atom of tin 59 
1 do. do. oxygen 8 

67 
This oxide is soluble in acids and in ammonia. The se* 
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cond, or peroxide of tin, is prepared by diaeolTing the metal 
in nitric acid, dlightlj diluted with water. It is a powder of 
a yellow cblor, and is composed of 

1 equiyalent of tin, 59 

2 do. of oxygen, 16 

76 

This oxide, .when melted with glass, forms white enamel. 

Tin combines with sulphur, chlorine, and the acids, form- 
ing a variety of compounds, some of which are occasionally 
used in the arts. 

Order 4. — Metals which do not decompose water at any 
temperature. These are, ' 



Arsenic 


Uranium 


Titanium 


Molybdenum 


Columbium 


Bismuth 


Chromium 


Nickel 


Copper 
Te lurium 


Tungsten 


Cobalt 


Antimony 


Cerium 


Lead 



The last order includes all such metals as attract oxygen 
with sufficient force, when heated to redness, to decompose 
water. The present division absorb and retain oxygen at 
high tempen^tatts, but none of them attract that principle, 
even at the hi^Kst temperatures, with sufficient force to de- 
compose water. 

ARSENIC ^38. 

There are no mif^s worked merely for the purpose of ob- 
taining arsenic, the arsenious acid, the only form in which it 
is used, being procured by the process of roasting the ores 
of cobalt; The ores of the latter metal, being heated in 
furnaces with long chimneys, the acid rises and attaches itself 
to the sides of the chimney, in layers, or cakes. After a 
considerable quantity has been accumulated in this manner, 
it is scraped oflf, and purified by a second sublimation, when 
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it forms the well known poison, called white arsenic^ or oxilU 
of arsenic. 

From the white oxide the metallic arsenic is procured, by 
heating this with a combustible. 

In legal investigations, where there is a suspicion, of poi- 
soning with arsenic, it sometimes happens that justice will de- 
pend on the decision of the chemist, whether arsenic might 
not have been the cause of death. In such cases, very mi- 
nute portions of arsenic may be detected by means of a com- 
bustible and a glass tube, in the following manner : Let the 
matter suspected to contain the poison, be Avell dried at a 
low heat ; then mix it with five or six times its weight of 
powdered charcoal, and put the mixture into a thin glass 
tube, closed at one end. If now heat be gradually applied 
to the tube until it becomes red, the metal, if arsenic be pre- 
sent, will rise and coat its inside, showing a brilliant metallic 
lustre, similar to that of steel. If it is found that, on heating 
a small piece of this metal, it rises in white vapor and gives 
the smell of garlic, it is arsenic beyond doubt. 

The structure of metallic arsenic is crystalline, and its spe- 
cific gravity about 8. When heated to about 360° it sublimes, 
without fusion, its melting point being far above that at which 
it becomes volatile. If the metal is heated in the open air, 
it is converted into the arsenious acid, a^^gain becomes 
noisonous as before ; but, while in the meflVform, arsenic 
Las no action on the system, and, therefore, is not a poisoa 

ARSENIC AND OXYOEN. 

Arsenious Acid — ^ 
1 p. Arsenic 38+2 p. Oxj^gen 16. 
White Arsenic. Oxide of Arsenic. 

We have stated above, that when metallic arsenic is heated 
in the open air, it is converted into a white substance, 
called oxide of arsenic. This is the arsenious acid of che- 
mists. It differs from the oxides of metals in possessing acid 
roperties. |t is slightly soluble in water,'\reddens vegeta- 
le blue colors, and combines with alkali^, forming salts, 



I 
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called IfiTSenites) Tlie aisenite of potash, usually dalled 
Fowlei'i solution of arsenic, has been long employed in medi* 
one as a remedy for eruptive, and other diseases. 

ARSENIC AND SULPHUR. 

Sulphurets of Arsenic. 

Sulphur combines with arsenic in two proportions, form- 
ing compounds which are known by^the names of orpiment, 
and realger. These compounds are both of them natural 
products, and may also be formed by art. Realger is of a 
red, or scarlet color, with a shining semi-metallic lustre, 
and is composed of S8 parts of metallic arsenic, and 16 parts, 
or one proportion, of sulphur. 

Orpiment has a rich yellow color, and a foliated structura 
Its lustre is shining, and somewhat metallic, and it is readily 
separated into layers, like mica. This is composed of 38 
parts, or one atom of metallic arsenic, and 24 parts, or one 
atom and a half of sulphur. 

Orpiment is employed as a paint under the name of King's 
Yellow. 

CHROMIUM — ^28. 

The metal, chromium, has been detected only in the two 
native compounds, Ichromate of lead, and chromaie of iron) 
In these two salts, the metal chrome exists fm combination 
with so much oxygen as to constitute an acid, which is united 
to the oxides of lead and iron, forming the compounds above 
named.J Arsenic, as shown above, forms an acid with oxy- 
gen in the same manner, and we shall see presently that 
several other metals when combined with oxygen perform 
the office of acids. ^ 

. Chromium has been procured (only in very small quanti- 
ties, by exposing its acid mixed with charcoal, to the highest 
temperature of a smith's forge.) It is a brittle metal, of a 
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mytth white color, and rery infaaihley Its specific gmvitj 
D 6. ^ 

Chromium combines with oxygeil in three proportions^ 
forming the following compounds : ^ 

Chrome. Ozygaa 

'Protoxide, composed of 28 and 8 
Deutoxide, do. 28 do. 16 

Chromic acid, do. 28 do. 24 

The oxides of chrome are of no importance in the arts, 
but the chromic acid ibrms colored salts with the oxides of 
the metals which are extensively employ^ed in painting and 
coloringj 

The cnromic acid may be obtained in a separate stateJby 
boiling the native chromate of lead in powder, with twice 
its weight of carbonate of potash, and afterwards saturating 
the alkali with dilute sulphuric acidy The sulphate of pot- 
ash thus formed, will subside, leaving the chromic acid in 
solution, which on evaporation, will yield crystals of chromic 
acid. 

/These crystals are of a ruby red color, and when dissolved 
in water, possess all the properties of an aci£^ 

The useful compounds formed by combimng chromic acid 
with salifiable bases, are prepared from chromate of potash 
in solution. iThe latter salt is made\by heating to redness 
the native chromate of iron with an equal weight of nitrate 
of potash By this process, the chromate which was in the 
state of an oxide, is converted into chromic acid, by the 
oxygen of the nitre, the acid at the same time combining with 
the potash of the nitre. The ignited mass is then dissolved 
in water, neutralized by nitric acid, and the solution concen- 
trated by evaporation, when the chromate of potash shoots 
into crystals, of a yelloAV color. 

The chromate of lead, a beautiful paint, at present largely 
employed under the name of chrome yellow, is made^by mix- 
ing acetate, or sugar of lead, dissolved in a large quantity 
of water, with solution of chromate of potashj A double 
decomposition of these two salts is thus efiecfeS, and acetate 
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of potash and chromate of kad are formed. The acetate re* 
mains in solution, while the chromate heing insoluble in 
water, falls down in form of an orange colored, or yellow 
powder. This powder being separated from the liquid, and 

dried, forms the beautiful pigment in question. 

MOLYBDENUM 48. 

The native sulphuret of molybdenum is a ponderous mine- 
ral, which occurs in masses, or is disseminated in other 
minerals. Its structure is foliated, and its lustre like that of 
lead recently cut. When this compound is reduced to fjie 
powder, and digested in nitro-muriatic acid, the sulphur and 
metal are both acidified by the oxygen imparted to them by 
the nitro-muriatic acid. On heating the solution, the sulphu- 
ric acid thus formed is expelled, while the molybdic acid re- 
mains in the form of a heavy white powder. From this 
powder the metallic molybdenum may be obtained by expos- 
mg it, mixed with charcoal, to the strongest heat of a smith's 
forge. 

This metal has never been obtained, exeept in very small 
quantities, and in the form of brilliant white globules con-* 
tained in a blackish mass. When heated in the open air, it 
is soon converted into molybdic acid. 

Molybdic acid is in the form of a white powder, which has 
a sharp metallic taste, reddens vegetable blues, and forms 
salts with the alkalies, called molyhdates. 

This acid is composed of 1 proportion of molybdenum 48, 
and H proportions of oxygen 24. 

TUNGSTEN — 96. 

The tungstate of iron, is a brownish black mineral, which 
is found 1)oth massive and crystallized. Its specific gravity 
is upwards of 7, and when broken it presents a foliated struc- 
ture, and a lustre somewhat metallic. 

This mineral, by the miners, is called wolfram^ and is com- 
posed of tungstic aicid and oxide of iron, with a portion of the 
oxide of manganese. 
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From this mineral the tungstic acid may be procured by tk 
action of muriatic acid in the form of a yellow powder. 

When tunffvtic acid is mixed with charcoal, and exposed 
to an intense heat, the metal is depriyed of its oxygen by the 
charcoal, and appears in its pure foniL^.-^ 

Tungsten has a specific gravity of ^7.4;being next to pla- 
tina, gold, and iridium, the most dense body known. It is 
nearly equal to steel in hardness, and is one of the most infu- 
sible of the metals. When heated in the open air, it is recon- 
verted into tungstic acid. This acid is composed of 96 parts 
of tungsten and 24 parts of oxygen, consequently 96 is the 
atomic weight of this metal, and 120 the equivalent number 
for tungstic acid. No use has been made of this metal, or any 
of its compounds. 

COLUMBIUM— 144. 

This metal was discovered by Mr. Hatchett of London, in 
a black mineral, which was sent to the British Museum by 
Qov. Winthrop, of Connecticut. The mineral came from 
New London, an4 is said to have been found near the resi- 
dence of the governor. 

Columbium, like tungsten, exists in its natural state, com- 
bined with so much oxygen as to perform the part of an acid, 
and is found united to the oxides of iron, or manganese. 

This metal is of an iron gray color, and considerable me- 
tallic lustre. Its specific gravity is^.5 

G)lumbic acid is composed of cohrmbium 144, and oxy- 
gen 8. Its equivalent number, therefore, is 152. 

ANTIMONY— 44. 

The only ore from which the antimony of commerce is ob- 
tained, (is tne sulphured From this native compound the pure 
metal is separated,^^^e^ting it with half its weight of iron 
filings in a covered vessefl By this process the sulphur unites 
with the iron, while the msed antimony is drawn off at the 
bottom of the vessel. 
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^ntimony is a brittle metal, of a bluish white color, and 
considerable lustre) Its structure is lamellated, or it consists 
of layers, which are the result of an imperfect crystallization. 
It fuses at about 800°, and when slowly cooled, may be crys- 
tallized in octohedrons. By exposure to the air it tarnishes, 
though not so r^dily as several other metals. Its specific 
gravity is aboutm 

ANTIMONY AND OXYGEN. 

Ox}'^en combines with antimony in^three proportions^ 
forming the protoxide, composed of antimony 44, and oxygen 
8 — the deutoxide, consisting of antimony 44, and oxygen 12, 
and the peroxide, composed of antimony 44, and oxygen 16. 

The aeutoxide combines with alkalies, and forms salts ; it 
is therefore called antimonious acid^ and the salts so formed 
are antimonites. 

The peroxide also performs the office of an acid, and com- 
bines with alkalies, forming salts, called antimoniateSt the acid 
itself being the antimonic. 

Formerly, there were at least forty diierent preparations 
of antimony, knovm and used in medicine. At present this 
number is reduced to three or four, and of these only one is 
in general use, viz., the tartrate of antimony and potassa, or 
tartar emetic. 

ANTIMONY AND SULPHUR. 

The native sulphuret of antimony, as stated above, is the 
only ore from which the metal is extracted. This is gene- 
rally found in compact masses, though it sometimes occurs in 
long crystals, interlacing each other. It is of a leaden gray 
color, with a metallic lustre. 

The same compound may be formed by fusing antimony 
and sulphur together, or by transmitting sulphuretted hydro- 
gen through a solution of tartar emetic. 

Sulphuret of antimony is conaposed of 

Antimony 1 proportion, 44 
Sulphur 1 proportion, 16 
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URANIUM ^208. 

Tkia metal was first detected in a mineral found in Saxony, 
which, from its black color, was called j^ickblende. This 
ore, now called black oxide of uranium, contains uranium in 
ihe state of an oxide, mixed with the oxides of iron and lead. 

The metal is reduced from its oxide to the metallic state» 
with great difficulty, even in the laboratory of the chemist 
According to Klaproth, who discovered it, uranium is of a 
dark gray color, with a metallic lustre, and granular texture. 
It is soluole in nitric acid, fuses only at the highest tempera- 
ture, 0nd afR)rds a deep orange color to enamel Its specific 
gravity is aboutlBJ 

Chemists are acquainted with two oxides of this metal. 
The protoxide is composed of uranium 208, and oxygen 8. 
The combining number of the protoxide is therefore 216. 

The peroxide consists of 1 proportion of uranium 208, and 
2 proportions of oxygen 16j so that the equivalent number 
for the peroxide is 224. 

The protoxide occurs as a natural product, offei dark eme- 
rald green color, and shining lustre, ll is often found at- 
tached to other minerals, in the form of scales, or in bundles 
of crystals, variously grouped, or interlacing each other, af- 
fording one of the most beautiful products of the mineral king- 
dom. This oxide is also formed by art, and isf employed to 
five a black color to porcelain,^ the change from green to 
lack being produced by the heax uf the porcelain furnace. 

csmuM — 50. 

The chemists have proved that a metal called cerium exists 
in a reddish brown mineral found in Sweden, \and called 
cerite% or siliceous oxide of cerium ; and also in a mineral 
found in West Greenland, and called Allanite. 

The properties of this metal are little known, it having 
never been obtained, except in minute quantities, not larger 
than a pin's head. 

It has, however, been ascertained, that cerium combines 
with oxygen in two proportions, and that its combining oz 
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eqoivalent number is 50^ ( Ji^hese oxides are composed of 
oeriam 50, and oxygen 8|,;forming the protoxide, whose equi- 
valent, therefore, is 58. The deutoxide contains the same 
quantity of metal, with one and a half proportions of oxygen. 
Its equivalent is, therefore, 62. 

COBALT. 

The ore from which this metal is extracted, is called Arse- 
nical cobaltT\ It is found in primitive rocks, both disseminated 
and in veins, associated with nickel, silver, bismuth, arsenic, 
and copper. 

When this ore of cobalt is heated in contact with the air, 
the arsenic is expelled in the form of arsenibus acid, and the 
sulphur which it also contains is converted into sulphureous 
acid gas, and escapes. By this process, the ore commonly 
loses more than half its weight, and there remains in the fur- 
nace an^unpure oxide of cobalt, called zaffree.l 

/When isiffree is heated with sand and potash, there is form* 
e(r a glass of a beautiful blue color, which, when pulverized, 
is extensively known and used under the name of snuUt. ' The 
blue color oi porcelain and earthenware, is produced entire- 
ly by this oxide of cobalt. Paper and linen, also, receive 
their bluish tinge from this oxide. 

From the oxide of cobalt, or zafiree, the metal may be ob- 
tained/by heating that substance in contact with some carbona- 
ceous matte^ If it Is intended to obtain the metal in its pure 
state, the zafiree must jQrst be purified from the iron, or other 
metals, which it may contain. 

(Cobalt is a brittle metal, of a reddish brown color, and 
slightly metallic lustre^ It is fused with difficulty. Its spe- 
cific gravity is(8.6^ /It is attracted by the magnet, and is ca- 
pable of being ^eraaanently miagnetic) Muriatic or sulphu- 
ric acid acts but slightly on this metal, but it is readily solu- 
ble(in nitric aci^ 

Cobalt does not attract oxygen by exposure to the air, but 
by a long continued and strong heat, it is converted into an 
oxide of a deep blue or nearly black color. The atomic 
weight of cobalt has not been determined. 
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Thifl raeUil ii i}m bew of that curious liquid called sym^^ 
ilmiic imkt und wlucli may be prepared in the following man- 
aar: 

/ IXsaolve one part of cobalt, or zafiiee, in four parts of 
nitric acid, and assist the solution by heat. To this solution 
add one part muriate of soda, and ibur times as much water 
asthere was acidy^ 

Characters written on paper, with this ink, are illegible 
when the paper is cold, hut become plain, and of a beauti^l 
ffreen color, when the paper is warmed^) This experiment 
IS rendered still more pleasant by drawing the trunk and 
branches of a tree, in the ordinary manner, and then tracing 
' the leaves with the solution of cobalt. In winter such a tree 
will appear without leaves, except when warmed, but in the 
summer, particularly if placed in the sun, it will be covered 
with beautiful green foilage. Screens, painted with this so- 
lution, will show their green when in use, but will immedi* 
fttely begin to fade when carried away from the fire. 

NICKEL 40. 

Nickel is generally found mineralized by the (acids of 
arsenic^ The Saxon ores, among which this metal is found, 
are mixtures of lead, copper, iron, cobalt, and arsenic, com- 
bined with sulphur and oxygen. In nearly every instance, 
where meteoric iron, or other meteoric products, nave been 
analyzed, they have been found to contain this metal. 

Nickel, being of no use in the arts,fis never reduced to its 
metallic state, (except in the laboratories of chemists, as spe- 
cunens or cunosities. 

NNickel has a strong metallic lustre, and is nearly the color 
of tin and silver) It is both ductile and malleable, and like 
iron and cobalt, ^s attracted by the magnet, and may be made 
permanently magnetic^ Its specific gravity, after tieing ham- 
mered, is 9»' It is ""exceedingly infusible, and suffers bo 
change at common temperatures, when exposed to the air ; 
but is slowly oxidized at a red heat. The muriatic and sul- 
phuric acids do not act on nickel, but it is readily oxidized 
and dissolved in mitric acid. J 
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Nickel combines with two proportions of oxygen. The 
protoxide is composed of nickel 48, and oxygen 8. The per- 
oxide of nickel 40, and oxygen 16. 

BISMUTH — 72. 

Bismuthvpccurs native, and in combination with sulphur, 
oxygen, and arsenic/ That which is employed in the arts 
and in commerce, is derived chiefly from the native metal. 
Bismuth has ^gjreddish white colon a brilliant lustre, and a 
foliated structure. It fuses at 476®; being, with the exception 
of tin, the most fusible of the solid metals. When slowly 
eooled, this metal may be obtained in octohedral crystals. Its 
specific gravity is 10. 

(Bismuth enters into the composition of printing type ; and 
its oxides are employed as paints, and in medicine. \ 

BISMUTH AND OXTOEN. 

Oxide of Bismuth — 80. 

1 p. Bismuth 72+1 p. Oxygen 8. 

Flowers of Bismuth, 

Bismuth combines with oxygen in only one) proportion^ 
formins^a yellowish white oxide. This^nay readily be 
fomedvby submitting the metal to a strong heat in the open 
aii^ It takes fire and bums with a blue flame, while the 
oxide falls down in the form of powder. 

Bismuth is not readily soluble in the muriatic or sulphuric 
acids, but the nitric acid dissolves it with facility, forming 
nitrate of bismuth. 

When nitrate of bismuth, either in crystals or in solution, 
ia thrown into water, a copious precipitate subsides, in the 
form of a beautifully white powder. This is the suhnitrais 
of bismuth, and was formerly known under the name of 
magistery of bismuth. vThis is employed as a cosmetic pow- 
der for whitening the complexion^ but it is a dangerous sub* 
stance for such a purpose, since, if it happens to be exposed 
to sulphuretted hydrogen, it turns black, thus exposiug tha 
wearer to mortification and detection. 
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TITANIUM. 

Titaniuni na^ hardly been seen in its pure metallic stal 



but the analysis of its oxides proves that such a metal ei 

The ores of this metal are considerably numerous, and are 
widely disseminated. The native oxides of titanium(some- 
times occur in long striated, acicular crystals, of a reSdish 
brown color, and shining metallic lustre/ Such crystals are 
sometimes contained in transparent pieces of quartz, forming 
specimens of singular beauty. 

The artificial oxides of this metal are white, and are ob- 
tained by difficult processes. They hold their oxygen with 
such tenacity that all attempts to reduce them, by means of 
heat and a combustible, in the usual manner, have fiuled. 

The equivalent numbers of these acids have not been deter- 
mined with certainty. 

TELLURIUM 32. 

This is an exceedingly rare metal, being hitherto found 
only(in the gold mines of Transylvania, and at Huntington, 
in Connecticut^ It occurs in the metallic state, associated 
with gold and silver, lead, iron, and sulphur. The color of 
tellurium j^ between these of zinc and lead) texture lamina- 
ted, like that of antimony, which it also resembles in some of 
its properties. It melts at about 600*^ ; has a specific gravity 
of 6.11; is brittle, and easily reduced to powder. When 
heated before the blowpipe, it takes fire, bums rapidly with a 
blue flame, and is dissipated in gray fmnes, which are an 
oxide of the metal 

This oxide, which is the only one tellurium forms, is com- 
posed of 32 parts of this metal and 8 parts of oxygen j so that 
32 is the atomic weight of tellurium, and 40 the equivalent of 
its oxide.\ 

COPPER — 64. 

Copper is foimd native, /also combined with sulphur, with 
oxygen, with carbonic acid, arsenic acid,>^ulphuric acid, mu- 
riatic acid, and with several of the metalp Its ores are very 
numerous, and some of them highly beautiful and interesting. 
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Tlie uses of this metal are niunerous, and well known. &i 
the metallic statcLit forms a part of brasst of pirtchbeck^ of 
Dutch goldt and many other alloy§/ 

When dissolved in various acids, it forms compounds which 
are employed for a great variety of useful purposes* 

The green pigment, verditer, is a nitrate of copper, preci- 
pitated by carbonate of lime. Verdigris is an acetate of cop- 
per. Mineral green is a sulphate of copper, precipitated by 
caustic potash. * . , 

Copper receives a considerable lustre by polishing, but 
soon tarnishes, when exposed to the open air. Its specific 
gravity i^8.78/and is increased by hammering. It is mallea- 
ble and ductile, and its tenacity is inferior only to iron. It 
hardens when heated and suddenly cooled. (At a red heat, 
with access of air, it absorbs oxygeipand is converted into 
the peroxide, which appears in the flirm of black scales. 
C Nitric acid) acts on this metal with vehemence, and it is 
dissolved slowly in tWmuriatic and sulphuric acidsi The 
vegetable acids, as vinegar, also dissolve copper wlien ex- 
posed to the air, but not otherwise, the oxygen of the atmos- 
phere assisting in the oxidation of the metal. 

COPPER AND OXYGEN. 

Protoxide of Copper — 72. 

1 p. Copper 64+1 p. Oxygen 8. 

Red Oxide of Copper. 

The red, or protoxide of copper, is found native in th^orm 
of regular octohedral crystals, JNrariously truncated, andibrm- 
ing specmiens of great beauty:' It may also be prepared ar- 
tificially,rby mixing 64 parts of copper filings with 80 parts 
of the peroxide in powder, and heating the mixture to redness 
in a close vessel.] By this process, the copper filings attract 
one proportion of oxygen from the peroxide, which contains 
twice the quantity of oxygen contained in the protoxide. 
Thus the quantity of oxygen is equalized, and the whole is 
converted into the proto3tide. 

This experiment afibrds a very simple illustration of the 
law of definite proportions. Eighty parts of the peroxide of 
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oo p per contains 64 parts of the metal, and 16 of oxygeo. 
Wiien this quantity is heated with 64 parts of copper, 1 pro- 
portion, or 8 parts of oxygen, leaves the peroxide, and unites 
with the copper, thus making, in the whole, 144 parts of the 
protoxide, the copper gaining 8, and the peroxide losing 8, 
the number for each becomes 72, the equivalent for the prot- 
oxide 

Peroxide of Copper — 80. 
1 p. Copper 64+2 p. Oxygen 16. 

This oxide is said to be found in the native state. By art, 
it may be formed by keeping thin pieces of copper at a red 
heat exposed to the air, or by heating the nitrate of copper to 
redness. 

This oxide is dark brown, or nearly black. When heated 
alone, it undergoes no change, but if heated in a close vessel, 
with charcoal, or other combustible, it parts with the whole 
of its oxygen, and is reduced to the metallic state. It com- 
bines with most of the acids, and produces salts of a green 
or blue color. 

Copper combines with sulphur, and forms a sulphuret of 
the metal. This compound occurs native, and may be formed 
by heating a mixture of copper filings and sulphur. It is 
composed of 64 parts of the metal and 16 of sulphur. 

\/ 

A LEAD 104. 

In a few instances lead has been found in the native state ; 
bat it most commonly occurs combined with sulphur^orm- 
ing the sulphuret, of a bluish gray color, and strong metallic 
lustre. This compound is known under the name of ^alena^ 
and is the ore from which the lead of commerce is exclusively 
obtained. 

The oolor and comq^n properties of lead are well known. 
Its specific gravity ififtlK In tenacity, it is inferior to all the 
ductile metals. It fvhmi at about 600^, and when slowly 
cooled, may be obtained in octohedral crystals. When newly 
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€Ut» it has a brilliant metallic lustre, bat ts soon tarnished by 
exposure to the air. 

' Lead is not oxidized by moisture without the contact of air, 
and henc^t may be kept under pure water, for any length of 
time, without change^feut if water be placed in an open ves- 
sel of lead, the metaHs slowly oxidized, and a white crust is 
formed, at the points of contact between the lead, water, and 
air, which is a carbonate of the protoxide of lead. Hence, as 
the salts of this metal are poiscmous, leaden vessels ^!^n to the 
air yshould never be employed to contain water for culinary 
purposes. 

rrhe sulphuric and muriatic acids act slowly npon this me- 
t^^ Concentrated sulphuric acid produces so little action on 
it,/that the acid is nnule in chambers lined with lead.KNitric 
acM is the proper solvent of this inetaU The solution, when 
evajporuted, deposits whitish opaque crystals of nitrate of 
lead. 

LEAD AND OXYGEN. 

There are three oxides of lead, which,are thus constituted : 

Lead. Uzygen. 

Protoxide, 104 + 8 =^ 11-2 

Deutoxide, 104 + 12 = 116 
Peroxide, 104 + 16 = 120 

Protoxide of Lead. — This oxide is procured in purity, 
when a solution of the metal in nitric acid is precipitated by 
potash, and the precipitate dried. It is of a yellow color ; is 
insoluble in water, and fuses at a red heat. The same oxide 
is formed by heating lead in the open ah^ and is known in 
commerce by the name of massicot w£en massicot is par- 
tially fused, in contact with the air, it becomes of a reddish 
color, and is known by the name of lithargh This appears 
to be a mixture of the protoxide and deutoxide of lead. li- 
tharge(js mixed vdth. oil used in painting, in order to make it 
dry more rapidlj/ It is probable that this effect is produced 
by the oxygen, which the litharge imparts to the oil. 

The well known pigment called white leadAis a carbonate 
of the protoxide) This substance is prepared by placing rolls 
of thin sheet liead in pots containing vinegar. ' The vinegar 
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inparta its ox3rgen to the metal gradually, and probably pre 
pares it for the absorption of carbonic acid from the atmoa* 
phere. Or possibly tne lead may be dissolved by the acetic 
acid, and this acetate in its forming state decomposed by the 
carbonic acid of the atmosphere, in the same roahner that the 
chloride of lime is decomposed, and changed into a carbonate 
by exposure to the air. White lead was fonnerly considered 
a peculiar oxide, but analysis shows that it is a compound of 
theVellow oxide, and carbonic acid. ] 

Deuioxide of Lead. — This is the rtd lead of commerce, and 
is extensivelvAised as a pigment, and in the manufacture of 
flint glass, ^t is formed by heating Htharge in a furnace so 
constructed that a current of air constantly passes oyer its 
surface. In this manner, the litharge, which is chiefly a prot- 
oxide, is converted into a deutox^e, by absorbing another 
proportion of oxygen from the airA 

When red lead is heated to re'Sness, it gives ofi* pure oxy- 
gen, and is reconverted into the deutoxide. 

Peroxide of Lead. — Q^his is formed by the action of nitric 
acid on red lead) The red lead, or fleutoxide, is decom- 
posed by the aci J, and resolved in the protoxide which it dis- 
solves, and converts into the peroxide, which being ii^oluble, 
falls down in the form of a puce cobred powder. <^his ox- 
ide is insoluble in any of the acids/ When heated it gives 
off large quantities of oxygen gas, and is resolved into the 
protoxide. 

Sulphur et of Lead. — This compound occurs very abun- 
dantly as a natural product, and may be formed by fusingra 
mixture of lead and sulphur. 

The lead of commerce, as above stated, is obtained exclu- 
sively fiom this ore, which is generally knowoi under the 
name of galena. The metallic lead is easily obtained from 
the sulphniet The ore being placed in the furnace, is gradu- 
ally heated with small wood or faggots, to drive off the sul- 
phur. Afterwards, charcoal and lime are thrown in, and 
the heat is increased. As some portions of the lead become 
oxidated by exposure to the air and heat, the charcoal redu- 
ces these portions by the absorption of their oxygen, and at 
the same time increases the heat. y The lime combines with 
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the sulphuric acid, which is formed by the union of the sul* 
phor of the metal, the oxygen of the air, and the water of the 
wood, and forms a sulphate of lima Meantime, the metallic 
lead, thus reduced, runs down into the lower part of the fur- 
nace, where it is drawn off into proper vessels. 

All the salts of lead act as poisons, with the exception 
of the sulphate, which Orfila has proved ^ not deleterious. 
The same author has shown that the acetate, or sugar of 
lead, is decomposed in the stomach by sulphate of magnesia, 
or Epsom salt, and that the inert sulphate is thus formed. 
Hence, Epsom salti or Glauber's salt, which is a sulphate of 
soda, becomes an antidote to the poisonous effects of sugar of 
lead when taken soon after it. 

SALTS. 

^The compound resulting from the unicm of any acid with 
an alkali, an earth, or a metallic oxide, in definite proper- 
tioQS, is called a salt^ 

Jhe substance wliich combines with the acid to form the 
salUis called the base. Thus, lime is the base of carbonate 
of Time. ifAnY substance capable of combining with an acid 
to form a salp is called a salifiable base. The salifiable 
bases, therefore, are the alkalies, the earths, and metallic 
oxides. 

/Any compound, which is capable of uniting in definite pro- 
portions with a salifiable base, or which in solution is sour 
to the taste, or reddens vegetable blues, is an aciJ} 

From this definition, it will be observed that acids are not 
necessarily sour to the taste. This, in many instances, arises 
from their insolubility, for an insoluble acid neither tastes 
sour, nor changes the color of vegetable blues. Other acids, 
which, though soluble,(['do not taste sour, and have little, if 
any action on colors, still have the property of neutralizing 
alkalies, and combining with salifiable bases in definite pro- 
portions ; such is the prussic acid. 
(" It was formerly supposed that all the acids contained oxy-} 
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gen, as tbe acidifying principle, but we have already had 
occasion to remark, that there are several known exceptions 
to this truth. Since the discovery of the compound nature 
of the alkalies, and the simple nature of chlorine, it is found 
that some compounds, in which oxygen exists as an element, 
are alkalies, and that others, containing no oxygen, are acids. 
Thus,/the metal potassium, combined with oxygen, forms the 
alkali potassa,\ and chlorine, united to hydrogen, forms mu- 
riatic acid. ^ 

The alkalies are supposed to possess characters exactly 
opposite to those of the acids. ' Their tastes are pungent ; 
they neutralize the acids, and change vegetable blue colors 
to green. There are, however, many compounds, capable of 
forming salts, and of neutralizing acids, which do not possess 
the latter characters. Thus magnesia, though a powerful 
neutralizing substance, excites no taste, and produces little 
change on vegetable colors. This want of action obviously 
Ndepends on its insolubility in water^ 
^ Thus, a salifiable base does nol^ecessarily contain sensi- 
ble alkaline properties, but is any substance which forms a 
definite compound with acids, or which being soluble, has 
the alkaline taste, and changes vegetable blues to green. All 
the metallic oxides are salifiable bases. 

In speaking of the solution of a metal in an acid, it must 
always be understood, that it is the oxide of the metal which 
is soluble, for no metal combines with an acid in its metallic 
state. The action of the acid is first to oxidate the metal ; 
which it does, either by imparting to it a portion of its own 
oxygen, or by assisting it to obtain this principle from the 
water with which the acid is mixed. When copper dissolves 
in nitric acid, the metal is first oxidated at the expense of 
one proportion of the oxygen which the acid contains, and 
hence the fumes of nitrous gas which escape. But when 
zinc dissolves in dilute sulphuric acid, the metal is oxidated 
by the decomposition of the \^ter, and then dissolved by the 
acid, and hence the escape of hydrogen during this process. 
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It is said that at least j^OOO salts^re known, but this is a 
small number when compared''mth those which might be 
formed ; for supposing each acid to be capable of forming a 
different compound with each salifiable base, and each base 
a distinct compound with every known acid, the salts would 
be numberless. 

It may be supposed, from the variety of properties pos- 
sessed by the acids, that the salifiable bases, with which 
they are known to combine, that the resulting compounds 
must present a great variety of difierent qualities, colors, and 
shapes, and in this we are not disappointed. Some of the. 
salts are corrosive poisons, others are perfectly inactive on 
the animal system ; some are used as medicines, others as 
paints, others in coloring, &c. 

It is obvious that in this epitome of the science, only a 
limited number of these compounds can be' descrioed. 
These we shall arrange in groups, or classes, each group 
consisting of the same acid, united to different salifiable 
bases. 

Most of the salts are capable of being crystallized, that is, 
of fonning dry solid fig^es of determinate shapes. During 
the act of crystallization, many of them combine chemically 
with a definite portion of water, which therefore is called Ihe 
water of crystallization^ 

Some sans eontain moTO than half their weight of water ; 
this is the case with sulphate of soda, or Glauber's salt, which 
consists of 72 parts of the dry sulphate, and 90 parts of 
water. 

Other salts, as muriate of soda, or common salt, contain 
no water of crystallization. But these salts sometimes con- 
tain particles of water included mechanically within their 
substance, and hence when heated they decrepitate, or fly in 
pieces, in consequence of the conversion of this water into 
steam. From this cause, common salt decrepitates violently 
when thrown on the fire. 

Salts containing a large quantity of the water of crystal- 
lization, when heated, undergo the aqueous fusion, ; that is, 
-they dissolve in the water they contain. Anhydrotks salts, 
or such as are not chemically united with water, when heat- 
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ed, undergo the igne&us fusion. A salt is said to effloresce, 
when its water of crystallization evaporates, and it falls into 
a dry powder. 

Most of the salts are soluhle in water ; and with a few ex* 
c^ions, the solvent power of this fluid is in proportion to its 
temperature. One of these exceptions is common salt, which 
is equally soluble in cold and hot water. Some of the salts 
require 500 or 600 times their own weight of water for so- 
lution. This is the case with carbonate of lime, and sulphate 
of lime. In a few instances, as in the sulphate of baryta, 
the salts are entirely insoluble in water. (On the contrar}% 
some of these compounds have such an affinity for water, as 
to enter into solution with that which they attract from the 
atmosphere^ In these instances the salt is said to deliquesce. 
Muriate oftune is an example. It cannot be kept in the solid 
state, unless closely excluded from the atmosphere. 

y^U the salts are composed of definite proportions of their 
ingredients, and these ingredients are compounded of defi- 
nite proportions of elementary bodiesJ Thus, sulphate of 
potash is composed of 40 parts of sulphuric acid, and 48 
parts of potash. The acid is composed of 16 parts, or 1 atom 
of sulphur, and 24 parts, or 3 atoms of oxygen. Potash is 
composed of 40 parts, or 1 atom of potassium, and 8 parts, or 
1 atoiojof oxygen. 

Thus the salts are ibmed by the xmion of compound sa\h 
stances, and their equivalent numbers are the simis of the 
atomic weights of these substances. Thus, the equivalent 
number for the sulphate of potash is 88, being composed of 
the equivalents for sulphuric acid 40, and the equivalent for 
potash, 48. How these latter numbers are obtained has just 
been explained; and indeed the whole of the above, so far as 
regards definite proportions, is only a recapitulation of what 
has already been stated more in detail, in its proper place ; 
but is repeated here, because the doctrine of proportions ap- 
plies especially to the composition of the class of compounds 
which we are now about to describe. 

Some salts combine with each other and form compounds, 
which were formerly known under the name of triple salts. 



When is a aalt said to efflocwce 1 What salt is equally soluble in cold and hoc water 1 
What nhB require a large portion of water for solution 1 When is a salt said to deli- 
quesce 7 What is said of the definite proporticNW of the ingredients and elements of the 
•alts? What is the composition of sulphate of potash 1 Bow is the equivaleitt Qumbtf 
for sulphate of potash obtained 1 



SULPHATES. 269 

But as, in these instances, only two bases combine with one 
acid, or two acids with one base, this kind of union is more 
properly indicated by the term double than triple ; and this 
change being proposed by Berzelius, is now employed by 
recent writers. 

In describing the salts, we shall follow the method already 
obseryed in respect to other compounds, and place the equiv- 
alent numbers at the head of each description. 

SULPHATES. 

The sulpliates,/when heated to redness with charcoal; are 
decomposed and changed into sulphurets. The oxygen, both 
of the oxide and the acid of which the salt is composed, 
unites \vith the carbon, forming carbonic acid, while the sul- 
phur and metal combine to form the new compound, the sul- 
phuret. 

The sulphates in solution, are jfeadily detected by muriate 
of baryta ; the muriate being decomposed by the sulphuric 
acid, an insoluble sulphate of baryta is formed, which &lki 
to the bottom of the vessel in the form of a white powder. 

Several sulphates exist in nature, the most abundant of 
which are those of lime and baryta. The sulphate of lime 
is very abundant in some countries, and is employed as a 
manure, and in the arts, under the name of gypsum or plaster 
of Paris. • 

Sulphate of Pctassa — 88. 

1 p. S. Acid 40+1 p. Potassa 48. 

Vitriolated Tartar. 

This salt is prepared by decomposing the carbonate of pot- 
ash with sulphuric acid. Its crystals are in the form of six- 
sided prisms terminating in six-sided pyramids. Its taste is 
saline and bitter. This salt suffers no change on exposure 
to the air. Its crystals contain no water of crystallization, 
and when thrown on the fire, decrepitate for the reason for- 
merly explained. These crystals are soluble in 16 times 
their weight of water at 60 degrees. 

The composition and equivalent number of this salt are 
seen above. 
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Sulpkaie of Soda^7Z 

1 p. 8. Acid iO+i p. Soda 32. 

Giaubti^s Salt 

Sulphate of soda sometimes occurs as a native compound, 
and may be readily forme^y saturating common carbonate 
of soda by dilute sulphuric acid^ That sold by apothecaries 
is chiefly prepared from the contents of the retort aAer the 
distillation of muriatic acid. 

This acid is obtained by distilling a mixture of common 
salt, and sulphuric acid. The latter acid, combining with 
the soda of the muriate, the muriatic acid is evolved and sul- 
phate of soda formed. This being purified, forms the Glau- 
ber*s salt of commerce. 

Sulphate of soda crystallizes in four and six-sided prisms. 
These crystals when closed to the air, part with their 
water of crystallization, ^leffloresce, leaving the salt in the 
state of a dry powder. By this process the salt loses about 
half its weight. 

According to the analysis of Berzelius, this salt contains 
72 parts of the neutral sulphate, and 90 parts, or ten atoms 
of water. 

The combining proportions, ©r equivalents, of the salts, 
refer only to the acids and ba^es which they contain, and 
not to their water of crystallization. It is found, however, 
that the water of crystallization is always combined in definite 
proportions, as well as the other ingredients. The combining 
number for water, as already explained, is 9, and in the pre- 
sent instance the doctrine of multiple proportions by a whole 
number is found to be precisely true, there being 10 atoms, or 
proportions, of water in this salt. 

Sulphate of Baryta — 118. 
1 p. S. Acid 40+1 p. Baryta 78. 

Heavy Spar, 

The native sulphate of baryta is widely disseminated, 
though not often found in very large quantities at any one kh 
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cality. It occurs both massive and in anhydrou* cry^/toh, 
which are generally flattened, or tabular. This substance 
is known under the name of heavy ffar, having a specific 
gravity of nearly 4^^, being the most ponderous of earthy mi- 
nerals. 

It is formed artificially by mixing the earth baryta with 
sulphuric acid. 

It is the most insbolule of all the salts, and bears a strong 
heat without suffering any change. 

This substance is sometimes employed to form the solar 
phosphori, a compound which shines in the datlc, after hav- 
ing been exposed to the light of the sun. 

rit is prepared by first igniting the native sulphate, after 
which it is powdered and sifted. It is then mixed with mu- 
cilage of gum arable and formed into cylinders about the 
fourdi of an inch in thickness. These being dried in the sun, 
are exposed to the heat of a wind furnace supplied with char- 
coal, for about one hour, and the fire suffered to bum out. 
The cylinders will be found among the ashes retaining their 
original shapes, and must be preserved in a well stopped 
viim 

When this substance is exposed for a while to the sun, and 
then carried into the dark, it will emit so much light as to 
show the hour by a watch dial. 

Sulphate of Lime — 68. 

1 p. S. Acid 40-f 1 p. lime 28. 

Gypsum. Plaster of Paris. 

This salt occurs abundantly as a natural production. It is 
composed of 68 parts of the pure sulphate, and 18 parts or 
two proportions of water. This salt is found crystallized in 
broad foliated plates, and also in compact masses. It is 
ground, and spread on certain kinds of land as a manure. 
In this state it is called ground plaster. The compact vari- 
ety is called alabaster, and is cut, or turned into various or- 
namental articles, such as candlesticks, vases, and boxes. 
Some of these specimens are perfectly white, and being 
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translucent, are among the most beautiful productions of the 
mineral kingdom. Other varieties of this mineral are co- 
lored with metallic oxides, and present the appearance of 
clouds, stripes, or spots of red, blue, or brown, interspersed, 
or alternating with each other. 

Sulphate of lime is largely employed in forming the oma- 
mentaX or stucco work, for churches and houses. For this 
purpose it is first heated nearly to redness, or as the workmen 
term it, bailed, in order to expel the water of crystallization, 
and then ground in a mill. In this state it is a fine white 
powder, which being mixed with water and cast into moulds 
of various figures, forms the ornamental work seen on the 
walls of churches and rooms. 

After being mixed with the water, it must be immediately 
poured into the mould, for however thin the paste may be, it 
grows hard, or as the workmen call it, sets, in a few minutes, 
and no addition of water will again make it as thin as before. 
This is owing to the chemical combination which takes place 
between the anhydrous sulphate and the water, and by which 
the latter is made solid. 

Sulphate of lime is soluble in about 500 parts of cold wa- 
ter, and as it exists abundantly in the earth, it is more fre- 
quently found dissolved in the water of wells and springs, 
than perhaps any other salt. When it exists in considerable 
quantity, it gives that quality to the water called hardjiess. 
Such water decomposes soap, by neutralizing its alkali, and 
therefore is not fit for washing. 

Sulphate of Magnesia — 60. 

7 p. S. Ajjid 40+1 p. Magnesia 20. 

..'^ Epsom Salt^ 

Epsom salt is sofnetimes obtained by evaporating the wa- 
ter of springs whii^ contain it in solution, and sometimes it 
is made artificially; by first dissolving magnesian limestone 
in vinegar, which takes up the lime and leaves the magnesia. 
The magnesia is then purified by calcination, and afterwards 
dissolved in dilute sulpnuric acid, and crystallized by evapo- 
ration. 
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This salt appears in minute qtiadrangular shining crystals. 
These suffer little change when exposed to the air, undergo 
the watery fusion when heated, and are soluble in three 
fourths of their own weight of boiling water. Its use, as a 
medicine, is well known. 

Sulphate of magnesia is composed of 60 parts of the dry 
sulphate, and 63 parts, or 7 atoms of water. 

Sulphate of Alumina and Potassa — 262. 
3 p. Sulph. Alumina 174+1 p- Sulph. Potassa 88. 

Alum, 

Alum is a substance so well known, that its external ap- 
pearance requires no description. Its taste is at once astrin- 
gent and sweetish. It is soluble in about its own weight of 
boiling water. It crystallizes in octohedrons, or eight-sided 
figures, and, by peculiar management, these crystals may be 
obtained of great size and beauty. It is a double salt. 

(Sometimes alum is found ready formed in earth or friable 
rocks, and is extracted by collecting such earth into proper 
vessels, and pouring on water, which, passing through, dis- 
solves, the salt and holds it in solution. The water being then 
evaporated, the alum shoots into crystals^ 

When the mineral, which furnishes this salt, is aluminous 
clay, mixed with sulphur and iron, which is more ofien the 
case, another method is taken. The mineral being exposed 
to heat, or merely to the action of the air, the sulphur attracts 
oxygen, and is converted into sulphuric acid, which then com- 
bines with the alumina and forms a sulphate. If no potash 
be present in the earth, this is added, and the whole is treated 
by lixiviation, (that is, pouring on water until the salt is dis- 
solved,) and the liquid afterwards evaporated to obtain the 
alum. 

. Alum is used in medicine and in the arts. Its composition 
is stated at the head of this section. Alum is the base of a 
curious composition, called Romberg's pyrophorus, which 
ignites, on exposure to the air. It is prepared in the follow- 
ing manner : 

Reduce an ounce or two of alum to powder, and mix it 
with an equal weight of brown sugar. Put the mixture into 
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an earthen dish, or ladle, and keep it stirring over the file 
until all the moisture is eiroelled. Then, having pulverized 
it finely, introduce the powcler into a common vial, coated with 
a mixture of clay and sand. To the mouth of the vial, lute a 
small glass tube, or the stem of a tobacco pipe, in order to 
allow the moisture and gases to escape. The vial, thus pre- 
pared, is set in a crucible, surrounded with sand, and the 
whole placed in a coal fire, and gradually heated to redness. 
At first, steam will issue from the tube, but afterwards a gas, 
which, being set on fire, bums with a blue flame. 

After, the flame goes out, keep up the heat for about fifteen 
minutes, and then remove the crucible from the fire, and im- 
mediately stop the orifice of the tube with a piece of wet clay. 
When the vial is cool, pour its contents hastily into other 
vials, which are perfectly dry, and then cork them so as en- 
tirely to exclude the air. 

This compound resembles powdered charcoal in appear- 
ance ; but if a few grains be poured out, and exposed to the 
air, it soon glows with a red heat, and will set paper or wood 
on fire. If poured from the vial, at the distance of a few feet 
from the ground, it forms a shower of fire. When intro- 
duced into oxygen gas, it spontaneously explodes, giving out 
intense heat and light, and affording a very brilliant experi- 
ment. 

Small vials of this pyro^horus may be preserved for yeara, 
and may be made highly convenient, especially ^r idnerant 
smokers, and to those who are travelling through a wilder- 
ness. 

The ignition of this substance is caused by its strong at- 
traction for the oxygen of the atmosphere. 

^ Sulphate of Iron — 76. --^ 

1 p. Sulph. Acid 40+1 p. Oxide Iron 36/ 
f Copperas. Green Vitrioh 

This well known salt is the sulphate of the protoxide of iron, 
and may readily be formed by the action of dilute sulphuric 
acid on metalhc iron. The green vitriol of commerce is, 
however, manufactured ^rectly froni the sulphuret of iron, 
which nature furnishes in abundance]) For this purpose, the 
ore, being raised from the earth, is exposed to the air, and 
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occasionally sprinkled with water. By a natural process, the 
sulphur absorbs oxygen from the atmosphere, and is converted 
into sulphuric acid, which is retained by the water. The acid 
xnus formed, combines with the iron, forming a sulphate of 
the metal, which appears, on the decomposition of the ore, in 
a greenish crust. The mass is then lixiviated, or washed by 
pouring water through it, by which the salt is dissolved, and 
afterwards obtained in crystals by evaporating the water. 

Sulphate of iron is of a greenish color ; has an astringent 
metallic taste, and is soluble in three fourths of its weight of 
boiling water. According to the analysis of Berzelius, it con- 
tains 76 parts, or 1 equivalent of the sulphate, and 63 parts, 
or 7 atoms of water. 

Large quantities of this salt are employed in the art^hief- 
ly for coloring black, and making inky 

Sulphate of Zinc — 82. . 

/l p. S. Acid 40+1 p. Ox. Zinc 4^ 

^ White Vitriol 

When niluted sulphuric acid is poured on zinc, for the pur- 
pose of oDtaining hydrogen, the residue, if allowed to stand, 
rorms small white crystalsy This is the sulphate of zinc. 
For the purposes of commerce^t is made by roasting the na-. 
tive sulphuret of this met§.l, arm then throwing it into watg/ 
The sulphate is formed by the decomposition of the sulpKi^ 
ret, on the same principle as above described for the manu- 
facture of green vitriol, and being dissolved by the water, is 
obtained by evaporation. 

Sulphate of zinc has a strongly styptic taste, is soluble in 
about two and a half parts of cold water, and reddens vegeta- 
ble blue colors, though strictly a neutral salt. ^^ 

This sah consists of 82 parts of the sulphate, andf7 atoms, 
or 63 parts of waterj V 

(It is employed in medicine, as a tonic and emetic. ) 

NITRATES. 

The nitrates, when thrown on burning charcoal, deflagrate, 
or produce a vivid combustion of the charcoal, ^his is in 



Explidii the chemical changes bj which the eulphiunet of iron ka converted into cop- 
peras. What are the uses of sulphate of iron 1 Of what is sulphate of zinc composed t 
What ia the common name of sulphate of zinc. How is the sulphate of zinc ctf com- 
merce prepared 7 What proportion of water does this salt contain 1 What are the 
of white TitrUI 



23^ »ITRAT£8. 

consequence of the oxygen gas which they yield when heat- 
ed, wmch unites with the combustible as it is expelled^ 

All the nitrates, without exception, are decomposed at hi&rn 
temperatures, or by heat alone. Some of them, as the nitTajt«> 
of potash, or nitre, yield Oxygen gai^n a state of considera- 
ble purity when heated, and^ hence are employed for the pur- 
pose of obtaining oxygen. 

As all the nitraterdeflagrate when thrown on burning char- 
coal, /this simple test is sufficient to distinguish them firom 
oth^r salts. Another test of these salts, is their power of dis- 
solving gold leaf, when mixed with mujnatic acid. 

The only nsUive nitrates are those p potash, lime, soda 
and magnesia.^ 

Nitrate of Potash — 102. 

(^i p. N. Acid 54+1 p. Potash 48N 

r Saltpetre. Nitre, j ^ 

This salt may be prepared by satufating the conmdon car- 
bonate of potash with diluted nitric acid, and evaporating the 
solution until crystals are formed. 

That used in commerce, and for the manufacture of gun- 
powder, is prepared by throwing into heaps, under cover, the 
remains of decayed vegetable and animal matter, found about 
old buildings. Heaps of such earth, when exposed to. the air 
under sheds, gradually generate ftitric acid, in consequence 
of the combination of the nitrogen, which is always contained 
in animal remains, with the oxygen of the atmosphere. The 
earth from such situations also contains lime, magnesia, and 
commonly, considerable proportions of potash, from the ashes 
of burned wood. Thus there appears to be formed in these 
nitre beds, the nitrates of lime, potash, and magnesia. After 
the earth has remained in this situation for several months, 
being now and then sprinkled with water, is lixiviated, and 
to the solution of these salts there is added a quantity of pot- 
ash, which decompose the nitrates of lime and magnesia, thus 
leaving the nitrate of potash in solution. The nitre is then 
crystallized by evaporating the water, and afterwards further 
purified for use. 
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Ih the feaist I ndjjaa/this salt is formed spontaneously in the 
1 soil, and isKSSncfm small cry^stals on its sur&ce. It is there- 
fore obtained with great facility, nothing more being neces- 
i sary than to lixiviate the earth and purify' the nitre. 
} Nitrate of potassa is a colorless salt, of a cool saline taate, 

1 which crystallizes in six-sided prisms. It contains no water 
f of crystallization, but its crystals always contain more or less 
water mechanically retained in them. When heated, it un- 
: dergoes the igneous fusion, and at a red heat is decomposed, 
: — ^&st gi^ong out oxygen, and afterwards both oxygen and ni- 
troge^Jand if the heat be continued, there will remain only 
pure^tassa^ 
I (In chemil^tr^, this salt is employed in the manu&cture of 

nitric and sulphuric acids, and for the purpose of obtaining 
oxygen gas. In the airts, it is chiefly used in the manu&c- 
ture of gunpowder and fire-workSj^ 

Gwn/powder is composed by weight, of (six parts nitre, one 
part sulphur, and one of charcoal./ These ingredients being 
first finely powdered separately, *are then mixed into the form 
of a paste, with water, and beaten together with a wooden 
pestle, until they become very intimately incorporated. This 
paste is then granulated, by passing it through sieves, and 
carefully dried in the sip»- 

Fulminating powdenis made by mixing in a mortar three 
parts of nitre finely powdered two parts of carbonate of pot- 
ash, and one part of sulphuy The whole being thoroughly 
mixed by grinding, forms the powder in question. 

When a quantity of this mixture is placed on a shovel, and 
heated gradually, until the sulphur begins to inflame, it ex- 
plodes, giving a loud and . stunning report, and leaving the 
ears hardly in a state to hear any thing more for hours, or if 
the quantity be considerable, even for days. Not more than 
15 or 20 grains of this powder should be exploded at once, 
unless in the open air. 

Nitrate of Ammonia, — >The mode of preparing this salt, 
was described under the article nitrous oxide. This salt is 
composed of one proportion of nitric acid 54, and one propor- 
tion of ammonia 17^71. It also contains one proportion of 
watera«9. 
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NiiraU of Silver — 164. -^^ 

1 ji.(fJitric Acid 54+1 p. Silver 11^ 

^Ainar Caustic^ 

' When silver is thrown into nitric acid, the metal is dis- 
solved, with a copious disengagement of r^d fumes, which 
consist of the^eutoiide of nitrogen.jformerly descrihed. 

The solution, if allowed to evaporate, will form large regu- 
lar crystals in the shape of fiat rhombs. These, if the metal 
is unalloyed, are pure nitrate of silver. They contain no wa- 
ter of crystallization. They undergo the igneous fusion at a 
very moderate heat, and in this state, being cast into small 
cylmdrical moulds, form the substance so well known, and 
so universally employed in surgery, and for other 'purposes, 
under the name of lunar caustic. 

A solution of this salt in water, being applied to animal or 
vegetable substances, stains them, after exposure to light, of 
a permanent black -color.' (The skin or hair may be made 
black in this manner) and there is no doubt but persons have 
colored their faces and hands with this substance, as prepa- 
ratory to the commission of the worst of crimes. No washing, 
or any other means, will whiten the skin, once stained with 
this solution, until the scarf-skin itself wears ofl^ or is removed, 
which requires several weeks. The solution itself is perfectly 
transparent, and in appearance cannot be distinguished from 
pure water. . 

Indelible Inf\is a solution of nitrate of silver in water^and 
is well known as the only substance in use, with whicn cot- 
ton and linen may be marked in a permanent manner. 

Nitrate of silver, in solution, is decomposed by a variety 
of substances, having a stronger attraction for oxygen than 
the silver has. By the action of such substances, die silver 
is revived, and appears in its metallic form. Thus, a stick of 
phosphorus placed in this solution, is soon covered with me- 
tallic silver ; and if the solution be heated to the temperature 
of boiling water, with a little charcoal in it, the metal will be 
reduced, and may be obtained in the form of crystals. 

The composition of the nitrate of silver is seen at the head 

of this section. 

■■-■■■ ^ ■ ■ - 
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There are many other nitrates, but none of them are of 
sufficient use, or interest, to require a description in thii 
book. 

CHLORATES. 

The chlorates resemble the nitrates in many of their cha- 
racters. These salts were formerly caQ^dpxy muriates^ Most 
of them/hre decomposed at a red heat^ with the evolution of 
pure oxygen gas, and are converted into metallic chlorides. 

The pupil may find some difficulty in pointing out the dis- 
tinction between the chlorates and chlorides. ^The chlorates 
are composed of chlorine united to oxygen, forming chloric 
acid, which acid, being combined with the metallic oxides, 
forms chlorates. The chlorides are composed of uncombined 
chlorine* either united to. the metals themselves, or their 
oxides^ Thus, chloride of lime is composed of lime, or oxide 
of calcium, and chlorine. But chloride of calcium is compo- 
sed of the two simple bodies, chlorine and the metal calcium, 
consequently contains no oxygen. 

When the chlorates are decomposed by heat, as above 
^jtated, and converted into chlorides, the change is produced 
Sby the expulsion of the oxygen* which the compound contain- 
ed, and the subsequent union betwei^ the chlorine and the 
htise of the alkali, or the metal itself. Thus, when chlorate 
of potassa is heated, its oxygen escapes, while the chlorine 
remains, and combines with the base of the alkali, forming 
chloride of potassium. 

In producing the chlorates, it is not necessary that the 
chloric acid should first be formed, and then combined with 
the salifiable base, since the same result is produced by mere- 
ly passing the chlorine through a solution of the alkali. This 
will be explained under the chlorate of potassa. 

The chlorates are all of them artificial compounds, none 
of them having been discovered in the native state. Most 
of them yield their oxygen to combustibles with such facility 
as to produce explosion. Thus, when chlorate of potash is 
ri^bbed in a mortar with phosphorus, or istruck in contact 
with sulphur, violent detonations are produced. 
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Chlorate of Pota$k—\U. 

I p. Chloric Acid 76+1 p. Potash 48. 

Oxymuriate of Potash, 

The chlorate of potash is formed hy passing chlorine gas 
dirough a solution of the pure caustic alkali in water. 

The pure potash is readily prepared in the following man- 
ner. Make a solution of the carbonate of potash in its own 
weight of hot water, in an iron vessel, and add to this as 
much quicklime by weight as there was potash, and let the 
mixture boil for about ten minutes. Then strain the solution 
through a linen cloth, and it will be fit for use. 

The lime absorbs the carbonic acid from the potash, form- 
ing with it an insoluble compound, thus leaving the alkali in 
its pure, or caustic state. 

The caustic potash being placed in a proper vessel, the 
chlorine is passed into it as long as any of the gas is ab- 
sorbed. 

The apparatus for this purpose is represented at Fig. 64. 
Fig. 64. The solution is contained 

in the three necked bottla 
The chlorine may be evol- 
ved by first introducing into 
the retort two ounces of 
finely powdered black oxide 
of manganese, and after eve- 
ry thing is arranged, as in 
the figure, pouring on this, through me saJ^y tube, four 
ounces of muriatic acid, and then applying a gentle heat 
When the solution is saturated, the .gas will pass off by the 
bent tube into the open air. 

To obtain the salt, the solution is evaporated with a gentle 
heat, and on cooling, small shining crystals of chlorate of 
potash will be deposited. The first product only must be 
reserved for use, as the solution will afterwards form crys- 
tals of muriate instead of chlorate of potash. 

In the production of this salt, by the above process, the 
chloric acid is formed by the decomposition of the water, 
the oxygen of which unites with one portion of the chlorine 
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to form the acid, vrhile the hydrogen thus disengaged, unitat 
with another j^rtion of the chlorine, forming muriatie acid. 
Hence the aolntion, as aboTe intimated, contains both muriale 
and chlorate of potash. 

When chlorate of potash is heated, it gives off oxygen gai 
nearly pure, and chloride of potassium remains. 

If two grains of this salt are mixed with one grain of 
sulphur, and the mixture is struck, or pressed suddenly, a 
loud detonation is produced. When struck in contact with 
powdered charcoal, a similar eilect results. If a grain of 
the chlorate and half a grain of phosphorus be rubbed to- 
gether in a mortar, very violent detonations will be the effect 
In making this experiment, the hand should be covered wit& 
a glove, and the face protected by a mask, or averted, as the 
inflamed phosphorus is sometimes projected several feet by 
the explosion. 

If a little of this salt be mixed with twice its weight of 
white sugar, and on the mixture a few drops of strong sul- 
phuric acid be poured, a sudden and vehement inflammation 
will be produced. 

These phenomena are owing to the facility with which the 
chlorate of potash parts with its oxygen to combustible sub- 
stances. 

This salt forms the base of the red French matches, by 
which a light is instantly obtained. The chlorate being 
finely pulverized by itself, is then mixed with twice its 
weignt of white sugar, moistened so as to prevent explosion, 
and afterwards made into a paste with mucilage of gum ara- 
bic. A little of this paste is fixed on the ends of brimstone 
matches, so that when it is inflamed, first the sulphur and 
then the wood is set on fire. These matches require only to 
be touched with a drop of sulphuric acid, when they instant 
ly burst into flame. The acid, for convenience, is contained 
in a small vial, and is prevented from escaping by some fibres 
of asbestos. 

Attempts are said to have been made in France, on a large 
scaloi to substitute the chlorate of potash for nitre in the 
manu&cture of gunpowder. But it was foimd that tHe 
workmen could not mix the ingredients, under any circumr 
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alancts without the greatest danger, and that in many- in- 
atancee explosions took place after the powder was prepared ; 
the attempt was therefore ahandoned. Attempts have also 
been made to use mixtures of this salt for percussion priming, 
but it was found that the chlorine acted so readily on the 
iron, as soon to injure the gun, and it was therefore laid 
aside, for the fulminating mercury, which is now generally 
used for this purpose. 

PHOSPHATXS. 

The phosphates of the metals are converted into phospu- 
rets by neat and charcoal. Some of the alkaline and eardiy 
phospnurets undergo a partial decon;position.by the same 
means, while others are not changed. A number of phos- 
phates are found in the native state, such as those of iron, 
time, copper and lead. 

Phosphate of Soda — 60. 
1 p. Acid 28+1 p. Soda 32. 

This salt is prepared on a large scale in chemical manu- 
&ctories, by neutralizing with carbonate of soda, the super- 
phosphate of lime, procured by the action of sulphuric acid 
On burned bones. The phospnate of lime which the solution 
contains, is separated by filtration, and the liquid containing 
the phosphate of soda is then evaporated until crystals of the 
salt are deposited. 

The phosphate of soda is composed of one proportion of 
the acid 28; one proportion of soda 32; and twelve propor- 
tions of water 108. It is employed in medicine, and in chem- 
istry as a re-agent. 

, ' BORATES. 

The borates are few in number, and being most of them 
of no use, are little known. They are distinguished by 
imparting a green color to the flame of alcohol, wh^ 
dissolved in it. Any borate, being first digested in sul- 
phuric acid, then evaporated to dryness, and the residue 
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boiled in akohol produces this ef^t. Hence, this is tbet«0t 
&r these salts. 

Bihorate of Soda — 80. 
2 p. B. Acid 48+1 p. Soda 32. 

Borax. * 

This is the only borate of any consequence, either in ch«* 
mistry, or the arts. It occurs native in certain lakes in Persia 
and Thibet, which are said to be supplied by springs. The 
edges and shallow parts of these lakes' are covered with a 
crust of borax, which being removed, another deposition is 
formed. It is imported into Europe and America in its rough 
or impure state, under the name of Tineal, and which being 
purified, forms the refined borax of commerce. 

This salt is capable of being crystallized, in six sided 
prisms, though more commonly seen in amorphous pieces. 

It is soluble in six times its weight of boiling water. When 
exposed to heat, it enters into the watery fusion, and at the 
same time, swells to several times its former bulk. When the 
water of crystallization is expelled, it passes silently into the 
igneous fusion, and forms a vitreous transparent globule, 
called glass of borax. Borax is used as a flux, by braziers, 
and mineralogists, and is employed in medicine, in cases of 
sore mouth. 

Besides the constituents of this salt placed at the head of 
this section, borax contains 8 atoms, or 72 parts of water of 
crystallization. 

FLVATBS. 

The nature of the fiuates, owing to the uncertainty which 
exists concerning the base of the fluoric acid, are little known. 
These salts may, however, be readily identified by first redu- 
cing them to powder, and pouring on sulphuric acid^ when, 
with the aid of a gentle heat, fluoric acid will be diseligaged, 
and may be recognized by its property of corroding glass. 

Several fiuates are found in the native state, and it is from 
these only, or rather from one of them, the fiuate of lime, 



WhatistliBComparitioinof thebibontaofttoda? Whattothecommoa nameof thli 
■dtl Wliere is boiaz found? Whatisglaaaof bomzl What are the uses of boraxl 
What proponion of water does borax eontainl How may the floatea be known? Vnm 
vhat natural anbaiaoce ia the flnoric fecid oUainedl 



9S4 CABBOMATBI. 



that th« fluoric add is obtained The topaz ia a caofomd 
of flaoric acid, alumine, and silex. Its chemical name v 
AuosUieate of alwmina, 

FhuUe of JUffM^Sa 

1 p. F. Acid 10+1 p. Ldme 28. 

Derbyshire Spar. 

This salt is found in ils native state, in many patts of the 
world. It is often seen as an article of luxury, cut into the 
form of yases, candlesticks, or boxes, under the name of 
Derbyshire spa/r. Its colors are purj^e, green, red, blue^ 
and white, often mixed in the same specimeUt and forming 
one of the most beautiful of mineral substances. .This sdb- 
stance cr3r8tallizes in a great vairiety of forms, tho cube being 
the most common. 

8<Hne varieties of this salt phosphoresce, when thrown upoa 
hot iron, emitting light of various colors, as green* red, blue, 
&c. 

When fluate of lime is exposed to the united actkm. of au^ 

f^huric acid and heat, it is decomposed, the finoric- acid being 
iberated in the form of gas, while a sulphate of lime ^ fi>cmed 
By this method the fluoric acid is obtained, 

CARBONATES. 

S<HQe of the carbonates exist in great abundance in the 
native state. The carbonate of lime forms entire moimtaina 
These salts may generally be distinguished- from all others by 
their eflervescence, when exposed to the action of the stronger 
acids. This is owing to die escape of carbonic acid during 
the decomposition of the salt. Thus, when sulphuric acid is 
poured on carbonate of lime, the lime and acid combine, while 
the carbonic acid, being thus liberated, escapes through the 
solution, and occasions the eflervescence. 

The carbonates, with the exception of those of potash,. 8oda« 
and ammonia, are very sparingly soluble, in water. The 
carbonate of lime is entirely insoluble in pure water* hut is 
slightly soluble in water containing carbomc hcML. 
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Many carbonates of the metals as well as of the earths are 
found native. The carbonates of lime, of soda, barytes, stron- 
tian, magnesia, manganese, of iron, copper, and lead, are all 
native salts. ^ 

Carbonate of Potash — ^70. 
* 1 p. C. Acid 22+1 p. Potash 48. * 
Potash, Pearlash. 

The well known substance pearlash, is the potash of com- 
merce deprived of its impurities, and saturated with carbonic 
acid. The potash of commerce is obtained by' lixiviating the 
ashes of land plants, or common wood, and evaporating the 
solution to dryness. In this state it is of a dark reddish co* 
lor, and when recently prepared, is exceedingly caustic to 
the taste and touch. By age its caustic property is gradually 
lost, in consequence of the absorption of carbonic acid from 
the atmosphere. Potash is chiefly employed in making soft 
soap and glass. 

The bicarhoTiate of potash is prepared by transmitting a 
current of carbonic acid gas through a solution of the carbo** 
nate. This salt contains 44 parts of carbonic acid and 48 
parts of potash, making its equivalent 92. It also contains 9 
parts or one proportion of water of crystallization. This is 
far milder, both to the touch and taste, than the carbonate. At 
a red heat it parts with one proportion of its acid, and is re- 
duced to a cai^bonate. 

This salt is in common use under the name sal aratis. It 
is employed for culinary purposes ; in many of the arts, and 
in medicine. 

The bicarbonate of potash maybe obtained in regular pris- 
matic crystals by evaporating its solution gradually. 

Carbonate of Soda — 54. 

1 p. G. Acid 22+1 p. Soda 32. 

Soda. 

The carbonate of soda is prepared by burning plants which 
grow in the sea, and lixiviating their asides. The impure 
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soda of commerce is known under the name of bariUa^ and 
is obtained by burning certain sea plants expressly for the 
purpose. An inferior kind is called kelp, and is prepared 
with less care and from different plants. 

The carbonate of soda of commerce is prepared by dissol- 
ving baitlla in water, filtering the solution, and then evapo- 
rating the water. If the evaporation is conducted slowly the 
salt shoots into regular crystals. By continued gentle heat 
these crystals part with their water, and are rendered anhy- 
drous without loss of carbonic' acid. This salt dissolves in 
about its own weight of hot water. 

Carbonate of soda is composed of one proportion of the 
acid 22 ; one proportion of soda 32, and 10 proportions or 90 
parts of water. 

Hard soap is prepared entirely from soda. Bicarbonate of 
soda is made by transmitting carbonic acid through a solu- 
tion of the carbonate in water. It may also be prepared by 
placing vessels containing the carbonate in the vats of a dis- 
tillery or brewery, where the process of fermfentation is car- 
,ried on. By either process the carbonate is made to absorb an 
additional proportion of the acid, and is thus converted into 
the bicarbonate. 

This salt contains two proportions of the acid 44 ; one pro- 
portion of soda 32 and 9 parts of water. 

The bicarbonate is in sreneral use as a medicine, and forms 
the alkaline portion of soda powders. It also forms the bases 
of that agreeable beverage soda water. 

MURIATES. 

The muriates maybe distinguished by the emission of mu- 
riatic acid fumes when tested with strong sulphuric acid. 
And also when in solution, by forming a white insoluble 
chloride, when tested with nitrate of silver. The muriates, 
when in a dry state, are chlorides. 

Muriate of Ammonia — 54. 

1 p. M. Acid 37+1 p. Ammonia 17. 

Sal Ammoniac. 

Sal ammoniac was formerly imported from the East, and 

particularly from Egypt ; but has for many years been ma- 
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ritifiictated in large quantities, in several parts of Europe. 
Several processes are used at the different manu&ctones. 
The following is the method employed at a principal mianu- 
factory in Paris. 

Two kilns are constructed of hrick, in which are placed 
proper vessels for containing the materials employed. Into 
one of these vessels is placed a quantity of common salt, on 
which is poured sulphuric acid, and into the other are thrown 
animal matters, such as horns, hones, parings of hides, &c. 
On the application of heat there is extricated from one vessel, 
muriatic acid gas, and from the other, ammonia. These 
gases are conducted hy flues into a chamber lined with lead, 
where they combine, and form solid muriate of ammonia, 
which incrusts the roof and sides of the room, and enters 
into solution with a stratum of water on the floor. 

Muriate of ammonia, as seen above, is composed of mu- 
riatic acid and ammonia. Both these constituents exist in 
the state of a gas, but when combined they form the solid 
compound in question. 

The elements of ammonia, (nitrogen and hydrogen,) exist 
in all animal substances, and the muriatic acid is a constitu- 
ent of common salt. In the above process the ammonia is 
extricated by the heat, while the muriatic acid is evolved by 
the decomposition of the common salt. 

This mode of preparing sal ammoniac may be illustrated 
in the following manner, and afTords a very instructive and 
satis&ctory experiment 

Fig. 65. Provide two flasks, each furnished with 

a tube, as represented at Fig. 65. Into one 
of these put a handful of common salt, 
and a little sulphuric acid, and into the 
other put equal parts of powdered quick- 
lime and sal ammoniac, ground together. 
Then invert over the ends of the tubes a 
tall bell glass, or a tubulated receiver, as 

seen in the figure, and apply a gentle heat 

11 to the bottom of each flask. The two 

r^^>. gases will be disengaged, and combining, 

^^will form a white cloud within the receiver, 

^ which will gradually condense and cover 

its surface with solid sal ammoniac. If 

WhKt to CoeoonuDOD name of muriate of ammonia? What is the praceai for makiQf 
muriate of ammonia 1 How may the process of maliiog the muriate <tf amnwnia ha 
fliuiinted by the apparatua repreaented atFig. 651 
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one of the gases be iotrodaced into the receiver without the 
other, it wUl remain transparent and unseen until it meets 
the other, when a dense white cloud will instantly be formed. 

In this experiment the ammonia is set free, in consequence 
of the decomposition of the muriate by the quicklime, which 
combines with its muriatic acid 

The article used in smelling bottles, and called volattu 
salts, hartshorn^ ^c, is a carbonate of ammonia. 

Muriate of Barytes — 115. 
2 p. Muriatic Acid 37+1 P- Barytes 78. 

This salt is formed by saturating muriatic acid with carbo- 
nate of barytes. For this purpose, either the natire or arti- 
ficial carbonate may be employed. 

Muriate of barytes crystallizes in four sided tables, and 
contains nine parts, or one proportion of water. It is solu- 
ble in about two and a half times its weight of water ; and 
is much employed as a re-agent in chemistry. 

HYDROSVLPHURETS. 

Sulphuretted hydrogen is formed by the action of muriatic 
acid on sulphuret of antimony, or some other metallic soJ- 
phuret. 

This gas is capable of forming salts with the alkalies, or 
alkaline earths, when passed into their aqueous solutions. 
It thus performs the office of an acid, and the compounds so 
formed are called hydrosulphurets. 

The hydrosulphurets are all of them easily decomposed, 
with the disengagement of sulphuretted hydrogen ; the fetid 
odor of which, seldom leaves the experimenter in any doubt 
concerning the character of the compound. 

Hydrostdphuret of JPotash. 

The best method of making this salt, ot of impregnating 
water with any other gas, is by means of the apparatus re- 
presented by Fig. 66. 



What is die composition, and what the combining proportion, of muriate of taaiytMl 
How ia the muriide erf baiytea pxepuedl What am tbo hydfoaulil^nDetit Utm an 
iha hydxoBulphiuets formed? 



^g- 66. The solution of pure potaeh 

in water, is placed in the lower 
vessel, while the malomla for 
extricating the sulphuretted hy- 
drogen are contained in the re- 
tort. The influx of the suiphu- 
letted hydrogen into the lower 
TCSset, drives the fluid into the 
upper one, the juncture betneen 
the two being made close by 
^nding. Thus, the fluid press- 
ing on the gas, the absorption 
of the tatter is greatly &cilita- 
ted. In this manner soda water 
__niay be made, the tube in the 
upper vessel being convenient 



for the introduction oran additional quantity of soda, when 
required, or for a similar purpose when experimenting on 
Oliver substances. These vessels being made of glass, the 
changes in the height of the fluid, and consequently its de- 
gree of pressiire on the gas, are made obvious. 

This salt forms large transparent crystals, in the shape of 
six-sided prisms. Its taste is bitter, and it is soluble in water 
and alcohol. 



OROANIC CHEHISTRT. 

Organic chemistry comprehends the V^emical history of 
all those difierent substances or elements, which farm vege- 
table and animal bodies^ 

lln many respects this department of chemistry difiera 
Tery materially from that of the mineral kingdom The ana- 
Ksis of inorganic bodies show, ibat each substance whicb 
tliflers materially from another substance, contains soaae 
principle peculiar to itself, or that the differenca arises from 
the muiiiplied proportion of some one constituent, while the 
other remains. the same. Numerous jpstancea of both these 



Explain Fk^U.uJ docrtbfl in what manAflriht wuei 
I nun, mi lurced inia ihe Uiwar vencl. What doeg 1 
M ofl WlHt ilocfl or^uiic dienDlitrj ccquprvlivnij 1 
udMij dlflte tom mlninil ilwmiiirj I 
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NotwithstasdiBg the great vnTiety which we obserre in the 
texture, coloi, taste, smel], hardnesa, and other propettica of 
different plants, as well as their several parts, such as flowers, 
seeds, and Iruits, it is certain that their composilioMs differ 
Pn]y in respect to different proportions of these dements.^ 

■'The essential organs of plant^ are the root, the stevi, the 
It^es, ihefitaueri, and the itcdi^ The root serves to attach 
theplant to the soil, and is one of its organs of nutrimen^ 

The sitm, which is usually erect, serves to elevate the 
' leaves, the flower, and the fruit, frvm the groaiBd, by whiek 
they are exposed to air and light. The Uavti are the leepi- 
ratory orvons of the plant, and the Jtotntr performs the im- 
portant office of giving rise and nourishment to the suds, by 
.which the plant is reproduced. 

When a seed is exposed in a situolion which favon its 
^owth, it Boon undergoes a change. ( It swells, grows sofi, 
bursts its membrane, or shell, and at the SBOie lime, from be- 
ing insipid and &nnaceous. it becomes sweet and mucilagin- 
ous, thus becoming fit nourishmeni for the new planO The 
stem aud leaves are soon afler elevated above ihe earth, ia 
search of air. warmth, and light, while the root sinks into the 
ground in search of moisture and nourishment. 

The seed, however various in form, consists essentiallyof 
ihe folyUdon, the plttmuta. and the radicle^ The cotyledon 
contains the matter neeessarv for the cafly nourishment of 
the young plagO Sometimes ihis is single, sometimes double, 
and sometimes it is divided into lobps, fThe plumula is en- 
veloped within the cotyledon, and is the part which produces 
the stem and leavesj The rndicle shoots downwards, and 
berantea the roo^ 

Fig, 63. The garden bean, having been 

a few days in the ground, shows 
all these parts in perfection, and 
is represented by Fig. 67. The 
-^ cotyiedonB form the bulk of the 
seed, and are marked a a. The 
plomuk b, and the radicle e, are 
re«reaenled as beginning to shoot, 
while d d mark the membrane by 
.which the wfiole has been enclosed. 

Wlw m Iha « mm UI wgain of plmia 1 WhujHijpcaedoaclioritmoaiiwiaBmt 
Wben ft Baed u pliud in circumHiLCM CaTon^ta u> im gutmh, whal cbaJi^a di3« M uii- 
dofBl tniu tuBidaTiba Sam uidiDeul OC»iat datuwai nimlftll/ cam!*' 
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*fSer e^nstiittstkne^fl^necessary for hedlthy germination ark, 
^ temperature above the freezing point, and below 100 d^ 
grees ; moisture in a certain proportion, depending on the 
kind of seed; and a proper access of air. 

The joint operation of these several agents seem absolutely 
requisite ; for seeds exposed to the action of air and moisture, 
at a temperature below 32°,Avill not grow) though they may 
not be absolutely destroyed uj the frost. "T^or will seeds ve- 
getate without the contact of some air, though both heat and 
moisture be present, ^his is shown by burying seeds deep 
in the ground, where mey are known to lie in a torpid state 
for years, and in some instances, it is supposed, even for cen- 
turiesj Thus, when alluvial soils are exposed to the sun, 
though taken from many feet below the surface, they afiford 
grass from the seeds they already contain, and which had 
before remained torpid an unknown length oiP time, for want 
of the germinating power of oxygen. 

This curious fact is confirmed by the experiment of Mr. 
Ray, who found that seeds exposed to heat and moisture, but 
confined in the exhausted receiver of an air pump, showed 
no signs of germination. 

Other experiments have proved that seeds will npt grow 
under any circumstances, without the presence of^oxygenf 
Healthy seeds, supplied with abundance of heat and moisture,, 
but confined to an atmosphere of nitrogen, carbonic acid, or 
hydrogen, showed no signs of germination. 

It appears, however, that only a very small quantity of 
oxygen is required for this purpose, for Mr. Ray found that 
when the receiver of his air pump was not completely ex- 
hausted, the seeds would sprout. In this respect several ex- 
perimenters have been deceived, and in consequence of nof , 
producing a cr)mplete vacuum, have concluded that air wds 
not necessary for the process of germination. 

It being thus certain that seeds will not germinate without ^ 
the aid of oxygen, it hardly need to be stated that the future 
growth of the plant must require the presence of the same^ 
pi;rinciple. 

The immediate source from which plants draw their nou-» 



What is the plumula 1 What is the radicle 1 Wliat are the circumstances neceasaiy 
t0 belOthy germination ) Will seeds grow, when exposed to air and moisture, under 32 
degrees? How is it shown that seeds will not vegetate without airl What was Mr. 
Ray's experiment on the gwwth of seeds? What gas is absolutely necessary lo UmP 
growth of seeds 1' 

25* 
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fishmmt^ has been a matter of doubt and ooBftroreTsyv It is 

'certaio, however, that they will not grow without the pre- 
eence^of heat, air, and moisture. ; It also seems necessaty for 
their Vigorous growth, that their roots should be placed m 
the earth, but whether this is requisite for their nourishment, 
or whether the ground serves merely to give them suppoit, 
was a question long in dispute. 

Van Helmont planted a willow which weighed 5 pounds^ m 
a pot containing 2Q0 pounds of earth. This he watered for 
the space of five years» and, at the end of that time, the tree 
was found to weigh 169[ pounds, while the earth in which it 
had stood, being dried as at first, was found to have lost onW 
two ounces. Here, then» was an increase of 164 pounik 
weight, and yet the food of the plant had been water only. 
This experiment was supposed to settle all controversy, and 
to decide that. the sole food of plants was water. But Mr. 
Boyle afterwards showed^ that the water with which the tree 
was moistened, contained earth, from which the willow de- 
rived at least a part of its nourishment. 

After a great variety of curious, and many elaborate ex- 
periments, on this subject, it has been ascertained,, that plants 
will germinate in pure water, and that the young plant, for a 
time, will ^row with no other aliment; but that it finally grows 
sickly, andf does not come to maturity and produce seed,, with- 
out other nourishment. 

A proof that plants do not thrive on water alone, is draws 
from the well known fact, that soils become sterile by a long 
succession of crops, but are again made productive by the 
addition of new ingredients. 

Nor does it appear that the simple earths, or clay, without 
some additional ingredients, are sufficient to support the 
pfrowth of vegetables. On making an experiment, by plant- 
ing seeds in pure silica, alumina, or magnesia, moistened 
with pure water, and exposed to proper degrees of heat, it 
was found that, although germination was effected, the young 
plants did not grow,, until supplied with water,, which con- 
tained vegetable or animal remains in solution. 



What an the agents neceesaiy for the Tigorow growth of a plant 1 Whal «m tbs 
experiment of Van Helmont, and what was it supiKoed to deciik 1 Horn did lU Boyli 
l^w that the willow did not lire on water alone 1 What haa been aacartained wi^ nfc 
pea to the growth of plants in pun water 7 W^hat common fact, conoeming 
Aows that plants will not thrive on wat«r alone 1. What is aaklof! tha gpnowthof 
in Ute pure aartitf T 
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It' is ibr this reason, that earth, taken frem a deptb hekyir 
the surface, never forms a productive soil. The soils hest 
4idapted to the growth of plants, always contain a proportion 
«f vegetable mould, that is, the remains of decayed vegeta- 
bles. This mould contains a quantity of matter which is so- 
luble in water, and it is probable that the fertility of a soil 
depends in a degree on the quantity of soluble matter it con- 
tains, and that in this manner the ahment of plants is prepared 
for absorption by the roots. 

The sap which is prepared from the fluid absorbed by the 
jroots, is constantly ascending up the vessels of the plant du- 
ring its growth, until it arrives at the leaves. Here it under- 
goes a considerable change, the watery parts being thrown 
off by the perspiration of the leaves, while that w^hich re- 
mains is converted into a peculiar juice, called the irnie sap^ 
which, like the blood of animals, is afterwards employed in 
ibrming the various substances found in plants. 

The leaves of plants are not only their perspiratory organs, 
but they also serve the purpose of respiration, that is, they 
alternately absorb carbonic acid and emit oxygen at their 
surfaces. 

. Plants constantly throw off moisture from their surfaces 
by perspirajtion, but the quantity is much larger during the 
day than during the night. Dr. Hales found that a cabbage 
transmitted daily a quantity of water nearly equal to half its 
weight. The office of transpiration is performed entirely br 
the under side of the leaf, and may be almost entiiely stopped 
by spreading varnish on that surface. 

The fact that plants absorb carbonic acid was first observed 
by Dr. Priestley. Having suffered a sprig of mint to vegetate 
for ten days in a qivantity of this gas, which would instantly 
extinguish a candle, he foinMi, at the end of that time, that 
the candle was not extinguished by it as before, but that the 
flan^ continued for a while. Subsequent experiments have 
sho^wn, that pure carbonic acid stops the growth of plants^ 



Why does not the euth, taken from a considerable depth below the snrface, foxm 
« productive m>U? On what does the fertility of a soil appear to depend 1 What 
tibangea doca the aap undergo in the leaves? What is the true sap, and what lit 
ttset What office do the leaves perform besides that of perspiration 1 What propor« 
Uon of water did Dr. Haks find a cabbage to transmit 1 What part of the leaf tlirows 
90 mois^uKe 1 What was Dr. Priesde^r's ezperiiaeot with a sprigs of mint and cartxmk^ 
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Imt diat a «mall quantity is absolutely necessary to Iieikbfiil 

vegetation. 

In Dr. Priestle/s experiment, the sprig of mint could not 
have qualified the air in which it was confined, for the sup- 
port of combustion, merely by the absorption of the carbonic 
acid. It must be inferred, therefore, from this experiment, 
that the plant not only absorbed carbonic acid, but that it gave 
out oxyc^en, or that it converted the carbonic acid into oxygen 
gas, and this inference has been confirmed hy experiment 

Plants, while growing in the light, absorb carbonic acid 
£rom the atmosphere, which they decompose ; the oxygen, 
of which this acid is in part composed, being emitted, while 
the carbon is retained by the plant 

If a growing plant, as a sprig of mint, be exposed to the 
sun, in a glass vessel filled with water, it constantly emits 
from its leaves small bubbles of air, which on examination 
are found to \>e oxygen gas. Now water, under ordinary 
circumstances, always contains a quantity of atmospheric air, 
and the atmosphere always contains a proportion of carbonic 
acid, and hence it may be inferred, that the water furnishes 
the air which the plant decomposes in this experiment ; that 
this is the case, is proved directly by making the experiment 
with water, deprived of its air By the air pump, or by boil- 
ing, when not a particle of oxygen is obtained. 

That it is the carbonic acid which the plant decomposes, 
and from which the oxygen is derived, is proved by two facts. 
The first is, that vegetables are found not to emit oxygen, 
unless carbonic acid be present The oth er is, that if the plant 
be confined in a mixture of carbonic acid and oxygen, the 
quantities of which are known, the proportion of oxygen will 
be increased, while that of the acid will be diminished. 

From these facts we arrive at the wonderful conclusion, 
that plants absorb carbonic acid from the atmosphere, and 
that they retain the carbon for their own nourishment, but 
return the oxygen to purify the air. And from all that is 
known, it is most probable that a great proportion, if not all 



In Dr. Priesdey'g experiment, what change did the mint produce on the caii)oaic acidi 
When a plwit is exposed to the sun In a vessel of water, whence comes the carbonic 
acid which it decomposes 1 What two facta proye that plants emit oxygen hi eonsa 
iiuence of the decomposition of carbonic acid 1 When plants decompose carbonic aoi^ 
what iMcomes of die carbon 1 From what soiuca is. itpnftable thai plaata darire naU 
flflhair carbon 1 
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Ike carbon which wood coataina is derived from the atmos- 
phere in this manner. 

On the contrary, during the night, or when the light of the 
sun is withdrawn, plants absorb oxygen, and form with it car* 
bonlc acid, a part of which they emit, and a part is retained. 

It appears from experiment, that vegetables not only cease 
to thrive, but that they actually die, if deprived of this nighty 
\y inspiration of oxygen. Thus^ if a plant be confined du- 
ring the day in a portion of carbonic acid, it decomposes a 
part of this gas, which is replaced by the emission of an 
equal volume of oxygen. But at night a part of this oxygeft 
is absorbed and converted into carbonic acid, which is again 
emitted Thus, ultimately, the plant decomposes all the earr 
bonic acid, because it emits more oxygen during the day than 
it absorbs during the night. But if the oxygen which is 
formed during the day is withdrawn at evening, that is> if the 
plant has a new supply of pure carbonic acid every day^ il 
soon droops, and dies for the want of its oxvgen. 

The leaves of plants absorb water, as well as carbonic acid 
and oxygen. • The great effect which the dew of night, or 
sprinkling with water, has on a drooping flower, is a proof 
that the leaves imbibe moisture. 

Experiments also prove, that detached leaves often live 
for weeks when swimming on the water, and that a plant 
which is dying for want of moisture at the root, will revive 
and grow, when a branch with its leaves is placed in a ves- 
sel of water. 

It is most probable, therefore, that during dry seasons, afidt 
when there is a defect of moisture at the root, that the plant 
is in part sustained by the absorption of water from the air^ 
and particularly from the dew as it falls at night. 

In addition to heat, moisture, oxygen, and carbonic acid, 
healthy vegetation requires a certain qua^itity of light. It is 
well known that plants which grow in the dark are always 
nearly colourless, and that they appear weak and unhealthy. 
The disposition of plants to enjoy the light is expressed by 
their inclination towards it, when it is stronger in one direc* 
tipn than in another. 

. When do planls ataocb ozjgen from the amosphen 1 How is it ahown that idama 
droop and die, when depriTed or oxygen % How ia it ahown that the leaves of planta abf 
■Qtl» waiar 1 What agent does healthy TegeiatioQ require in addition to heat, oxygoot. 
, awl cavbOQic ackli How do plaua ahow their disposition to e^joy the lig l>t X 
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ThnSt Wan, or potato vines growing in & fcrk cellar, \rifi 
always run towards the tight, and if possible, will creep out 
into the open air. And dowers, growing in pots placed near 
a window, will always lean towards the light, so that to keep 
them in a vertical position the pots must often be turned. In 
thick forests, the trees grow tall for the same reason j they 
stretch upwards to enjoy the light and heat of the sun. 

Plants which grow m the dark contain more water, and 
less carbon, than those which grow in the sun. A plant which 
grew in the dark, on analysis of one of its branches, was 
round to contain only one ninetieth part of carbon ; but on 
allowing the same plant to stand for thirty days in the sun, it 
was found to contain one twenty-fourth part of carbon. 

This is readily accounted for, by the fact, that plants grow- 
ing in the dark, emit no oxygen, but give out carbonic acid, 
and hence the defect of carbonaceous matter which they con- 
tain. This also accounts for the circumstance, that when a 
healthy plant is placed in the dark, it not only ceases to form 
carbon, but actually loses a part of that which it before con- 
tained, by the constant emission of carbonic acid. 

Recapitulation. 
i. Vegetable substances are chiefly composed of carbon, 
hfdrogcn, and oxygen^ but sometimes contain portions of m<ro- 
gen. 

2. During the process of germination, the farinaceous sub- 
stance of the seed, become sweet, and afifbrds nourishment to 
the young plant. 

3. Healthy germination does not proceed without the com- 
bined presence of heat, water, and oxygen. 

4. Seeds will not germinate in a vaeuum, or in any gas 
which does not contain oxygen, though heat and moisture be 
present. 

5. Plants receive nourishment from the air, as well as from 
the earth, 

6. Plants nourished by pure water, and having access to 
the air, grow for a time, but do not produce seeds. 

7. The nourishment which plants receive by the roots, is 
probably in a state of solution in water. 



, Whjdo the trees in thick foroattf gam taUl What is tbeiHfitoBDee in compMitionto- 
tween plants growing in the dark, and in the light 1 How ia the amall quantitx of eariMB 
contained in plants growing in the dark accounted for 7 The student should be ahk le 
answer all the questions inmlnd in thia recapitulation. 
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8. The sap tiiidergoes a change in the leaves, where it 
parts with a portion of water, and is thus fitted to form the 
Tarious substan^ces found in Yegeta4>les. 

9. In the day time, plants absorb carbonic acid, retain the 
carbon, and emit the oxygen. 

10. in the night they absorb' oxygen, and give out carbonic 
acid. 

11. plants do not live unless they are permitted to absorb 
oxygen during the night ; nor will they live unless they ab- 
sorb a portion of carbonic acid diiring the day. 

12. Vegetation will continue for some time in either car- 
bonic acid, or oxygen gas ; because when confined in carbo* . 
nic acid, plants emit a quantity of oxygen during the day, 
which they absorb at mght ; and when confined in oxygen, 
they give out a quantity of carbonic acid at night, which again 
serves them during the day. 

13. Healthy vegetation absolutely requires the agency of 
light. 

14. Plants which grow in the dark, are white. They show 
their propensity to enjoy the light, by leaning, or creeping to- 
wards it. 

15. Plants, growing in the dark, do not absorb, and de- 
xrompose, but emit carbonic acid, and hence they contain a 
-deficiency of carbon. 

VEOETABLS ACIDS. 

The vegetable acids are generally less liable to spontane- 
ous decomposition than other vegetable products. They 
form salts when combined with the salifiable bases. Most 
of them are decomposed by hot nitric acid, being converted 
into carbonic acid and water. All of them suffer decompo- 
sition when exposed to a red heat. These acids are nume- 
rous, but a lai'ge proportion of them are of little consequence, 
ind therefore we shall describe only the most useful. 

^ S 
Acetic Acid — 50. 
4 p. Carbon 24. 3 p. Oxygen 24. 2 p. Hydrogen 2. 

Vinegar. 

The acetic acid, or vinegar, exists ready formed in the sap 



Whtit is said of the tendency of vegetable acids to decomposition % How may the vege- 
uhle acids be decomposed 1 What is the composition of acetic acid 1 What is the cook> 
mon name of acetic acidi 



of MMne ^Mits, elth^ in a free state, or comUned wilh limet 
or potash. It outy be formed artificially either by the ace- 
tous fermentation* or by the destructive distillation of woq<L 

In the first case, it is made by exposing wine, cider^ beer, 
or any other liquid capable of passing through the acetic fer- 
mentation, to the action of the air. This last condition is ab- 
solutely requisite, for no liquid will form vinegar if prevented 
from the access of air, that is, from the presence of oxygen. 
The liquid must also be exposed to certain degrees of tem- 
perature, for the acetic fermentation does not proceed, when 
the thermometer is at 32 degrees, and but very slowly when 
it is near this point. 

In this process, little or no gas is evolved, but on the ctmr 
trary the oxygen of the atmosphere is absorbed, so that the 
liquid undergoes a slow oxidation. 

The vinegar obtained by the distillation of wood is called 
pyroligjumis acid, that is, the acid of burned wood. When 
first made, it is very impure, and of a dark colour, holding 
in solution carbon, soot, tar, and volatile oil, which gives it 
a strong smell of smoke. It is purified by a second distilla- 
tion, and is largely employed for manufacturing purpoaei^ 
and particularly in the preparation of white lead. 

The acetic acid is distinguished from all other acids by ks 
peculiar flavor, odor, and volatility. Its salts are called 
acetates. These salts are all of them decomposed at a red 
heat, or by the action of sulphuric acid. 

Acetate of Lead — 172. 
1 p. A. Acid 50+1 p. Oxide Lead 112. 

Sugar of Lead, 

This salt is prepared by dissolving either litharge, or white 
lead, in distilled vinegar. The solution is sweet to the taste» 
and hence its common name. It occurs in small shining 
crystals, which contain 27 parts, or 3 atoms of water. 
This salt is partially decomposed when abandoned to the ac- 
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tion of the afmosphere. It parts with its water of er3^8tatli- 
zation, and absorbs carbonic acid from the atmosphere, thu»' 
being changed into a carbonate, or into white lead. We 
have stated in another place, that in the manu&cture of white 
lead, the same change is effected ; the lead being first dis- 
solved by the acetic acid, and afterwards changed into a car- 
bonate by the action of the atmosphere. 

The acetate of lead is largely employed in the process of 
colouring, and as a sedative and astringent in surgery. 

Acttaie of Copper — 130. 
I p. Acetic Acid 50+1 p. Oxide of Copper 80. 

Verdigris, 

This salt may be prepared by exposing metallic copper to 
the vapor of vinegar. The process appears to consist m the 
absorption of oxygen from the atmosphere by the metal, after 
which it is dissolved in the acetic acid. 

Verdigris is manufactured largely in the south of France* 
by placing plates of copper between the refuse of grapes a^ 
ter the juice is pressed out, for the making of wine. Tne flu- 
ids which the grapes still contain, pass through the a(!^etic 
fermentation, by exposure to the atmosphere, and afler seve- 
ral weeks, the plates acquire a coat of the acetate, which 
being scraped oflT, they are again exposed to the same pro- 
cess. The acetate is afterwards purified by solution, and 
crystallization. . 

X Oxalic Acid — 36. 

2 p.4jal:bon 12+3 p. Oxygen 24. 

Acid of Sorrel. 

The oxalic acid exists ready formed in several plants, and 
particularly in the oxalis acetosella, or vjood sorrel, and also iH 
common sorrel. It is readily prepared artificially, by digest* 
ing white sugar in five or six times its weight of nitric acid* 
and evaporating the solution to the consistence of syrup. On 
cooling, crystals of oxalic acid will be deposited ; but they 
should be purified by solution in water, and again crystallized 
by evaporation. 
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.' Oxalic acid crystallizes in slender, flat prisma wliich have 
an exceedingly sour taste, and which in solution combine with 
the salifiable bases, and form a class of salts called oxalcU^s. 
These crystals Contain half their weight of water of crystalli- 
satioa 

. This acid is easily distinguished from all others, by the 
form of its crystals, and by its solution giving with lime water 
a white precipitate, which is not dissolved by adding in ex- 
cess of the same acid. Oxalic Acid is one of the most prompt 
and fatal poisons known, when taken in large doses. Fatal 
accidents have many times happened, in consequence of mis- 
taking this acid for Epsom salts. 

This acid is employed by calico printers, for the purpose 
of discharging certain colors. It is also used in families, 
for taking out spots of iron mould, and other stains. 

The oxylates are none of them -of much importance. The 
oxalates of potash, like the acid itself, is sold under the name 
of essential salt of lemons, for removing stains from linen. 

Tartaric Acid. 

.4 p. Carbon 24+5 p. Oxygen 40+2 p. Hydrogen 2. 

Tartaric Acid — 66. 

Cream of tartar is the purified lees, or deposits of wine 
casks. ;Prom cream of tartar the tartaric acid is produced, 
by mixin'g the former with chalk in fine powder, and throwing 
the mixture into boiling water, by which the cream of tartar, 
which is a tartrate of potash, is decomposed, and a tartrate of 
lime is formed. The tartrate of lime is then washed, and de- 
composed by dilute sulphuric acid, which, combining with the 
lime, sets the tartaric acid at liberty, where it remains in so- 
lution. This solution being evaporated, the tartaric acid is 
-obtained in white crystals. 

This acid is employed by calico printers, to discharge false 
prints, and by tallow chandlers (o whiten their goods. It is 
also used, when dissolved in a larc^e quantity of water, as a 
eooling beverage in the hot season. When mixed with car^ 
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bonate of soda in solution, it forms the effervescing draught 
called soda powder, of which large quantities are prepared 
and sold during the summer season. , 

The effervescence, the only property which makes this 
drink agreeable, is occasioned by the union of the tartarie 
acid with the soda, in consequence of which the ' carbionic 
acid is liberated, and in escaping through the water, canse$ 
the effervescence. 

This acid is remarkable for its power of combining with 
two bases at the same time, and forming double salts. The 
most important of these salts is well known under the name 
of tartar emetic. 

Tartrate of Antimony and Potashr»-^5i. 

2 p. Tartaric Acid 132+2 p. Protoxide of Antimony 166^. 

1 p. Potash 48+2 p. Water 18. 

Tartar Emetic. 

This compound, so singular from the number of constitu- 
ents it contains, is made by boiling the oxide of antimony 
called crocus metallorum, with tartrate of potash, or cream of 
tartar. * 

This salt crystallizes in transparent prisms, which after- 
wards grow white and opaque by exposure to the air. It is 
soluble in about fifteen parts of cold, and three parts of hot 
water. 

When dissolved in water, the solution gradually undergoes 
spontaneous decomposition, and becomes inert as a medicine. 
This may be prevented by the addition of about one third pari 
alcohol to the aqueous solution. This salt is also decompo- 
sed by many re-agents, as by all the stronger acids, and seve- 
ral of the alkalies and alkaline earths, and even by vegeta- 
ble substances. Infusion of nutgalls causes with it a whitish 
precipitate, which is considered a compound of tannin and 
oxide of antimony. This compound is inert, and hence the 
decoction of chincona bark, as it contains tannin, has bceit 
given as an antidote to an over dose of tartar emetic. 
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Ciiric Acid — 58. 
4 p. Carbon 24+4 p. Oxygen 32+2 p. Hydrogen 2l 

Salt of Lemons, 

This acid is obtaiiitsd from the juice of lemons* by the 
process as that described for tartaric acid. Finely powdered 
chalk is added to the juice, as long as any efiervescence en- 
saes. The citrate of lime thus formed, is insoluble in water, 
Msod sinks to the bottom of the vessel. This being washed, 
is digested in dilute sulphuric acid, by which an insoluble 
sulphate of lime is formed, while the citric acid, being thus 
set at liberty, remains in the solution, and on evaporation is 
obtained in crystals. 

These crystals are lapge, transparent, and beautiful. They 
imderga no change by exposure to the air, are exceedingly 
•our to the taste, but when dissolved in a large proportion of 
water, make an agreeable drink, in consequence of retaining 
the flavor of the lemon. 

This acid forms salts with the salifiable bases, but none of 
them are of importance. There is a variety of other veg^a* 
ble acids, most of which are of no importance in any respect 
Some of these have been analyzed, while the composition of 
others are unknown. We may, however, conclude, by ana- 
tegy, that they are all conrposed of oxygen, carbon, and' hy^ 
dsogen» in different proportions. ^ 

Composition tiJid Analysis of Vegetable Substances. 

When vegetable substances are submitted to destructive 
distillation, the carbon, oxygen, and hydrogen, of which they 
are composed,, enter into new combinations, and there in 
obtained a variety of products, which differ from each other, 
according to the nature of the vegetables, and the mode df 
distillation. In general, these products are water, pyroligmc- 
ous acid, emfyreumatic op burnt oil, carbonic acid, and cwT' 
buretted hydrogen. If th^ vegetable contains nitrogen^ a 
quantity of ammonia will be formed, and in either case, there 
will remain in the retort, a quAotity of charcoal, with a small 
portion of earthy and saline mat^r. 



IWhatiacUrieaeidoeaipanAaf? Wfap^te flweommoii. name of this acid 1 Bowii 
Cilite acid obtained 3 What 10 the uaa of citric acid T What are the new prodiids into 
iphich vegetableeaxe nM>lved, h|^ deetcuctAv dJamiatiaaY QiNK imf tbeae new i 
■wola of regetaUee be accouotadfiicl 



ANALYSIB Of PLANTS. 805 

THese several products are all composed of the same ulti- 
mate principles, but are newly arranged and combined in 
different proportions. The new arrangemenis may readily 
be accounted for, from the circumstance, that the several 
elements, being in contact with each other in the retort, are 
at full liberty to exercise their affinities and to combine ac- 
cordingly. 

The composition of the new products, named above,, will 
show that they consist only of the old elements differently 
combined. Thus, water is composed of oxygen and hydrogen, 
Pyroligneous acid consists of hydrogen, carbon, and oxygen ; 
empyreumatic oil oi carbon. Hydrogen, and oxygen; carbonic 
acid of carbon and oxygen ; carburetitd hydrogen of carbon 
and hydrogen; and ammonia consists of nitrogen and hydra- 
gen. With the exception of ammonia, therefore, these several 
products are ^iionstituted of only three elements, their differ- 
ence being the resuU of the different proportions in which 
they combine, or, in two instances, of the absence of an ele-- 
ment. 

On subjecting different vegetables to ultimate analysis, by 
destructive distillation, it has been found that the products,. 
which result from the different combinations of oxygen and 
hydrogen are as follows. 

A vegetable substance is always^ acid, when the oxygen 
w^hich it contains is.to the hydrogen in a proportion greater 
than is necessary to form water, or where there is an excess 
of oxygen. 

A vegetable substance is resinous, oily, or alcoholic, when 
the oxygen is to the hydrogen in a less proportion than in 
water, or where there is an excess of hydrogen. 

A vegetable substance' is neither acid nor resinous, but 
saccharine or mucilaginous, when the oxygen and hydrogen 
are in the same rejtrtive proportions as in water, or where 
there is no excess of either oxygen or hydrogen. 

In oil, resin, alcohol, sugar, and mucilage, there is a quan^ 
tity of carbon, in addition to the oxygen and hydrogen. 
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IngredietUs o/P£am^ 

The ingredients of plants are distinct substance^ fbrme^f 
by their secreting organs, and separable from each other with- 
out destructive distillation. They are separated by certain 
solvents, which have the power of dissolving some, but not 
others. Thus, water dissolves the gum but not the resin. 
While alcohol takes up the resin and leaves the gum. The 
solvents employed for these purposes are hot and cold water, 
ether, alcohol, and some of the acids. 

The following are the principal ingredients, or what are 
called the proximate principles of plants ; viz. 



Gum 


Fixed oil 


Sugar 
Starch 
Gluten 


Volatile oil 

Camphor 

Resins 


Extractive 


Narcotine 


Lignum 
Tannin 

Coloring matter 
Wax 


Bitumen 

Vegetable alkalies 
Vegetable acids. 



We shall examine the properties of only the most important 
of these principles. 

Gums. 

GUm Arabic may be taken as an example of pure gum. 
It dissolves in water, with which it forms a viscid solution, or 
mucilage, from which it may be obtained in its original state, 
by spontaneous evaporation. It is insoluble in alcohol, or 
ether, the former precipitating it from the watery solution in 
the forni of white flakes. Gum is decomposed by sulphuric 
and nitric acids. By the former, it is resolved into water, 
acetous acid, and charcoal; the latter produces with it oxalic 
and malic acid. When gum is submitted to destructive <fis- 
tillation, it aflbrds water, carbonic acid, carburetted hydro- 
gen, empyreumatic oil, and acetic acid. 
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Sugar, 

BagBj is c&iefly obtained ftom the sugar cane, a plant 
which grows in hot climates, and which yields it in a larger 
proportion than any other substance. It is also procured from 
the sugar maple, by boiling down the sap which flows from in- 
cisions made in the tree ; and from several roots, particularly 
the beet, from which large quantities are made in France. 

In the manufecture of sugar from the cane, the first pro- 
cess consists in obtaining the juice, which is done by grind- 
ing and pressure. This i*^ then evaporated by a gentle heat, 
during which a quantity of lime is added, partly for the pur- 
pose of neutralizing any free acid, and partly for the purpose 
of separating extractive matter, which unites with the lime, 
and forms a scum on the surface of jhe liquid. The evapora- 
tion is continued until it acquires the consistency of syrup, 
when it is transferred into wooden coolers, where a portion 
concretes into a crystalline mass, and in this state forms what 
is called muscovado or raw sugar. It is then placed in ves- 
sels with apertures in the bottom, where the more fluid parts 
drain offj and form the well known sweet syrup, molasses. 

Raw sugar is refined by the following process : The su- 
gar being dissolved in water, is mixed with the whites of 
eggs, or the serum of blood, and boiled. The albumen or 
aerum is thus congulated by the heat, and rising to the sur- 
fiice, brings with it such impurities as the sugar contained, 
which are removed by a skimmer. When the syrup is judged' 
to be sufficiently clear, it is placed in smaller pans, and far- 
ther concentrated by boiling, and then transferred into cool- 
ers, wh^re it is agitated with wooden oars, until it appears^ 
thick and granulated. It now becomes white, and the crystals 
being broken by the agitation, facilitates the draining off of 
the colored matter which remains. 

It is next placed in conical cups of earthenware, of the^ 
well known form called sugar loaf. These having aper> 
tores at the bottom, a portion of molasses drains off, leaving 
the sugar much whiter than before. Lastly, a quantity of 
pipe clay is mixed with water to the consistency of cream. 
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and poured on the loaves to the thickness of an inch. T&e 
water from this slowly percolates through the loaves, and 
washes all remains of the coloring matter from the sugar. 
The loaves are then dried by heat, and put in papers foY 
sale. 

• Refined sugar undergoes no change when exposed to the 
* air, the dampnesa of raw sugar being caused by impurities. 
Sugar is decomposed by the sulphuric ana nitric acids. 
By analysis it is resolved into the usual constituents of vege- 
tables, oxygen, carbon, and hydrogen. 

Starch, 

Starch is an abundant principle in the vegetable kingdonv 
being one of the chief ingredients in most sorts of grain, and 
in many roots and seeds. The process for obtaining starch 
consists in diffusing the powdered grain or rasped root in 
pure cold water» by which the water is rendered white and 
turbid. After some hours, the grosser parts^ which in wheat 
consists chiefly of gluten, are separated by straining, and the 
water which passes through, being placed in shallow vessels,, 
deposits the starch, on standing. It is afterwards washed and 
dried with a gentle heat. 

If starch be boiled for a considerable time in water con. 
taining about a twelfth of its weight of sulphuric acid, it is. 
converted into su|pr. By careful analysis, it has been found 
that the only difierence between the composition of starch 
and sugar, is, that the starch contains less hydrogen and oxy- 
gen, in proportion to the carbon, than sugar. How the acid 
acts to convert the starch into sugar, has not been satisfacto- 
rily explained. During the germination of seeds, a similar 
change is efifected, the starch being in part converted inta 
sugar. 

The principal varieties of starch, are arrow-root, potato- 
starch, sago, tapioca, cassava,, salop^ and the starch of 
wheat. 

Gluten. 

Gluteh may be obtained from wheat flour, by forming it 
into a paste, with cold water, and eontinuing to washuiff 
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mste under a stieam of the same fluid, a& long as any thing 
u carried away. The starch being thus removed, a tough 
elastic substance, of a gray color^ will remain, which i» 
l^luten. 

This substance has no taste, andli insoluble in water,, 
alcohol, or ether, but is soluble in alkalies and acids! M left 
to undergo the putrefactive fermentation, it emits an offensive 
odor similar to animal substances, and from this circumstance 
it 18 apparent that it contains nitrogen, which indeed is proved 
by its yielding ammonia at a red heat. 

Of all substances, wheat contains the greatest proportion 
of gluten, and it is owing to this eireumstance,. that wheat 
flour is more nourishing than that of c^her graia,. gluten be- 
ing the most nutritive of all vegetable substances It is alsa 
owing to the presence of this substance in the flour, that the^ 
dovgh is tenacious, and the bread spongy, or light, the car- 
bonic acid formed during the fermentation of the doughy 
being detained by the gluten, in consequence of which, the 
whole mass is distended, with bubbles of air. 

Wheat contains from 18 to 24 per cent, of gluten, the re- 
mainder being principally starch. 

Extractive Matter. 

Most vegetables, when infused bt a time in ho^ waCex). 
impart to it a brown color. When such solutions are evapo- 
rated, there remains a solid substance, of a brownish, or some*" 
times of a yellowish color, which is extractive matter. 

Extracts are prepared by apothecaries, as a means of corn 
o»itrating the virtues of plants for medicinal purposes. These 
extracts not only contain the proper extractive matter, bul 
several foreign substances also, such as resin, coloring matter^ 
oil, &c. 

Coloring Matter, 

The coloring matter of vegetables is chiefly red, bhiei. 
green, yellow, or mixtures of these colors. Nearly all vege^ 
table colore are discharged by the continued action of lights 
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and without exception, they are all destroyed by the actioii' 
of chlorine. 

Acids and alkalies either destroy, or change the tints of 
vegetable colors. 

The extraction of the coloring principles, and the tranft- 
fer of them to different substances, constitutes the art of dye- 
ing, an. art which, in the succession of ages, has been carried 
to a high degree of perfection. This art has been practised 
from the remotest antiquity ; for the history of man informs 
us, that from the king on the throne, to the savage in the 
wilderness, all have ever been fond of decorating themselves 
in a variety of colors. 

Colors have been divided into substantive and adjective. 
Substantive colors are such as do not require the interven- 
tion of any other substance to fix them pennanently, their 
attraction for the cloth being sufficient for this purpose. 
Adjective colors require the intervention of some substance, 
which hsis an affinity hoth for the coloring matter, and the 
stufif to be dyed. This intervening substance is called a 
mordajU, The mordant generally consists of a metallic salt 
dissolved in water, with which the cloth is impregnated, aftet 
which it is passed through the solution of coloring matter. 
The mordants most commonly employed, are muriate of tin, 
sulphate ofiron^ acetate of iron, and sulphate of alumine. 

Different mordants are used for different colors, and dif- 
ferent kinds of cloth. Thus, black is made with sulphate 
of iron, nutgalls, and logwood. Yellow, with alum, fustic, 
and saffron ; red, of cochineal, madder, red wood, or archil, 
with muriate of tin, or sulphate of alumine for a mordant 
Blue is made with indigo, &c. 

Tannin. 

Tannin is the substance, by the absorption of which, the 
skins of animals are converted into leather. This substance 
is contained abundantly in nutgalls, in the bark of many 
trees, particularly the oak, hemlock, and birch, and in most 
vegetable substances which are astringent to the taste. 

Tannin may be obtained from any of these substances,- 
by first bruising the article, and then digesting it in a small 
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'quaiitity of cold water, and afterwards eTaporatmg the water. 
This substance is of a yellowish brown color, extremely 
a;stringeut to the taste, and soluble in water and diluted al- 
cohol. 

Tannin is distinguished by its affording an insoluble pre- 
cipitate with isinglass, or any other animal jelly. It is on 
this principle that the art of tanning leather is founded. The 
hides are laid in vats, and between them there is thrown a 
la,yer of oak or other bark, which contains tannin, in coarse 
powder. The tannin of the bark is first dissolved by the 
water and afterwards combines with the leather, by which it 
is -rendered hard, .and nearly impervious to water. 

Vegetable Oils. 

The vegetable oils are of two kihds^^ixed nndVolatileX 

Fixed Oik. These are found only iV the seeds of plants, 
and chiefly in such as have two cotyledons, such as almonds, 
linseed, walnuts, and rapeseed. The oil of olives, however, 
is extracted from the pulp which surrounds the kernel. 

5^he fixed oils are obtained by crushing or bruising the 
seed, and subsequent pressured They are viscid, nearly in- 
sipid, and inodorous, and genially congeal at a temperature 
considerably higher than 32 degrees. 

Tbe fixed oils, with a few exceptions, undergo little other 
change, by exposure to the air, than those of growing mof e 
/Viscid, and acquiring a degree of rancidityj The latter 
change is fowing to the absorption of oxygenjjl for rancid oils 
redden vegetable blues, showing that they contain a quantity 
of free acid. 

The absorption of oxygen, by some of the fixed oils, and 
-particularly by those of linseed and rapeseed, is sometimes 
so abundant and rapid, as to set fire to light porous substan- 
ces on which they are spread. 

These are called <:ases of spontaneous combustion, and in 

many instances, where these oils have been suffered, either 

by accident or otherwise, to come in contact with cotton wool, 

or cotton cloth, destructive fires have been the consequence. 

■ The alkalies combine with the fixed oils, and form soap. 
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The composition of all these oib is carbon, and hy J rogcPt 

and oxygen. 

VolatUe Oils. Plants and flowers owe their odor and fla* 
▼or to volatile or essential oils. These oils are obtained by 
•distilling the plants which contain them with water. The wa- 
ter prevents the plant from being burned. Both pass into 
the receiver from the still, where the oil is found either at the 
bottom, or on the surface, as its density is greater or less than 
that of water. Some fruits, however, yield essential oil by 
pressure ; such are the orange, the lemon, and the bergamot, 
which contain it in vesicles in the rind of the fruit. 

The odor of the essential oils is aromatic, and their taste 
penetrating. They consist of the odoriferous principle by 
which plants are distinguished from each other in a concen- 
trated state. Hiese oils are soluble in alcohol, and very 
sparingly so in water. When dissolved in the former, they 
constitute essences, a great variety of which are manu&ctur- 
ed, particularly in Paris, and sold as perfumes in most paitS 
of the world. 

All the volatile oils, when pure, pass away by evaporation. 
Hence, a good test of the purity of these oiLs is to let a drop 
&iron paper, and if any oily spot is left, after warming the 
paper, the essential oil has been adulterated by some fixed 
oiL 

• The essential oils burn with a clear, white light, and the 
only products of their combustion is water and carbonic acid. 
Hence, these oils are composed solely of carbon and hydro- 
gen, the water and carbonic acid being formed by the ab> 
sorption of oxygen to support the combustion. 

Resins. 

V^The resins are peculiar substances which exude from cer^ 
tarn tr^es, or plants, or are contained in their juicesT) They 
commonly contain a portion of the essential oil of me plant 
They are solid at common temperatures, and, when rubbed, 
show signs of electrical excitement. Their colors are yel- 
low, reddish, and white, and most of them are translucent, 
or transparent. 

^The resins are soluble in alcohol, ether, and the essential 
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T>1Is, but ate precipitated \j water, ia which they are entirely 
insoluble. They are dissolved, and at the same time deconi'- 
posed, by the sulphuric acid, with evolution of sulphuric acid 
gas, and the deposition of charcoaL 

The principal resins are^ comm(m rean, gum copal, lae» 
xiiastic, elemi, and dragon's blood. ^ Ccxnmon resin, called 
rosin, is what remains after the disiillatioa of spirit of turpen* 
tine. The turpentine itself is obtained by making incisions 
in the fir tree, from which it exudes. This consists of resii^ 
and the oil of turpentine, which are separated by distillation. 

The use of many of the resins are well known. SeaUitf . 
wax is made of lac, turpentine, and common resin. Ck>pal 
and elemi, when dissolved in smrit of turpentine, or alcMoL 
ferm varnishes. 

^ Fermehtaiion. 

fermentation consists in a spontaneous exercise of chemi'^ 
cal affinity, in a vegetable substance, or solution, in conse^ 
quence ot which its properties are materially or totally 
•changedJ 

There are several kinds of fermentation, the names of which 
indicate the products formed. These ace, theuaccAarinc, the 
vinous, the acetic, and the ptttrefactivej r 

The product o£4he first,^is^w^ar;ltSat of the second,Y/nn^ 
that of the third, Vii^c^azi/vhile iheTourth resuhs in the total 
<]ecomposition of all vegetable matter, and the destruction of 
every useful product. 

Saccharine Fermentation. The germination of seeds, and 
the nmking of barley, are instances of the/saccharine fermefi- 
tation^^he farinaceous being converted into saccharine mat» 
ter, ^SHgar. , 

Vinous Fermentation, This, by the fi^enerality of mankind, 
is considered the most important of all fermentations, since, 
from the days of Noah and Alexander to the present time, 
its product has been employed, either to heighten the plea- 
cures, ar as an antidote to the cares of this poor life. 

Wine, as well as other intoxicating liquors, are produced 
only by the vinous fermentation ; a process by which alcohol 
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3)| Ibnncd There are iau9 oondjiions neoeasary tp diQ soe^ 
ceM of tlin prooMB. Tkeae eie, pe presence of water. am^TAT, 
aadyaaatt jp mixtare, and a temperature between 60 and 70 
defipre^ Or, instead of yeast and sugar^ saccharine matter, 
and starchy oi the sweet juices of fruits. These conditions, 
being united, there succeeds a brisk intestine motion, attend- 
ed ^h the escape of^rbonic acid gaslin abundance, and at 
the same time the transparency of the nuid is diminished hj 
the rising of opaque filaments, the whole being attended with 
en elevation of temperatura When these phenomena cease^ 
ihe liquor is found to haire lost its sweet, mucilaginous taste; 
end to have acquired some degree of acidity, with a brisk, pe^ 
e iatw rting flavor, and the power of producing intoxication. 

In respect to the chemical changes which take place du- 
ring this process, it is found that after the fermentation, the 
fiigar has entirely disappeared, and that it is replaced by a 
auaotity of alcohol, none of which existed in the liquid before 
^b9 process. Henc^ sugar is converted into alcohol^y the 
vinous fermentation. But the weight of the alcohol }s never 
eqnutl to the weight of sugar employed, by nearly one half. 
This loss is accounted for by the escape of the carbon and 
oxygen of the sugar, in the iorm of carbonic acid. When the 
process is conducted in such a manner that the quantity of 
e^bonic acid can be retained and weighed, it is found to cor- 
refiiond precisely with the loss of the alcohol ; that is, the 
combinea weight of the acid and alcohol are equal to that of 
U^e sugar. This may be made apparent thus : Sugar and 
i^PPMiare composea of 

Sugar. AkiihoL 

S proportions of carbon 18 2 prop, carbon 12 
3 do. of hydrogen 3 3 do. hydrogan 3 
3 do. of oxygen 24 1 do. oxygen 8 

45 23 

This shows a loss of one proportion of carbon and two 
proportions of oxygen from the sugar, the alcohol contain- 
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ittg only two parts of carbon and one of oxygint while Am 
sugar contained three of carbon and three of oxTgen* the pt^ 
iK>rtion of hydrogen being the snne in both. I'he difierenoe 
between the number for sugar and that lor alcohol is the^d- 
fore 22. Now we have seen that carbonic acid is composed 
of one proportion or atom of carbon 6, and two proportioni 
or atoms of oscygen 16, and these two numbers make the 
precise quantity of carbon and oxys^en lost by the sugar, and 
which is not contained in the alcohol. Thereforei 45 parts 
of sugar produce by fermentation, 23 parts of alcohol, which 
is found in the fermented liquor, and 22 parts of carbonk 
acid gas, which escape. 

This investigation, while it affords a beautiful illustratioll 
of the doctrine of definite proportions, demonstrates thai 
nothing is lost by a new arrangement, oi interchange of ele* 
ments. 

It is believed, that the vinous fermentation never takei 
place without the presence of sugar, the elements of this 
ingredient, as shown above, furnishing by decomposition 
those of the alcohol. In cases where substances which con* 
tain no sugar are known to produce alcohol without the ad'' 
dition of this ingredient, the process is explained by the^up* 
position that the starch which these substances contain, is 
converted into sugar by the saccharine fermentation. It is 
well known that potatoes, which contain little, or no sugar, 
yield a large quantity of alcohol by fermentation. But po- 
tatoes contain a large proportion of starch, which entirely 
disappears during the process, being first converted into Stt* 
gar, and then into alcohol. 

AlcofuH. 

When a liquor which has passed through the vinous fer- 
mentation is distilled, there rises from it a fluid, having much 
more highly intoxicating powers than the fermented liquor 
from which it is obtained. This liquor has a sharp penetra- 
ting taste, and retains the flavor and odor of the fermented 
liquor, from which it is distilled. The fluid so obtained ia 
iUcohol mixed with water, and containing a portion of the 
essential oil peculiar to the vegetable which formed the &r- 
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K and which gives it a flavor. Thns, hrand^^ 
rum, and Vfhiskey, have each a flavor of their own, which 
arises from this circumstance. These are called spirituous 
liqaors. 

When a spirituous liquor is distilled, the alcohol is obtained 
in a state of much greater puritv% the oil which it contained 
and most of the water being lefl in the retort, or still. In 
this state it is colorless, highly inflammable, produces cold 
by evapotation, and occasions a considerable augmentation 
of temperature by admixture with water. 

Common alcohol contains a portion of water, and has a 
specific gravity of from 850 to 875, water being 1000. It may 
be further purified, or fteed from water, by adding to it u^ann 
carbonate of potash, or muriate of lime, which combines with 
the .water, and sinks to the bottom of the vessel, after which 
the alcohol may be poured off Very pure alcohol may also 
be procured, by putting it into a bladder, which being sus- 
pended in a warm plaee, the water will slowly pass through 
the coats, while the pure alcohol is retained. The strongest 
alcohol which can be procured by either of these methods, 
has a specific gravity of 800, or 796, at the temperature of 
60 degrees. 

Pure alcohol has never been frozen, though exposed to the 
lowest ternperature which art has ever produced. It is a 
powerful solvent, being capable of dissolving camphor, resins, 
soap, volatile oils, sugar, balsam, &c. 

Pure ah^obolhas precisely the same properties, from what- 
ever substances it is obtained. 

JEfher. 

The name elher was originally applied to a highly fragrant 
and volatile liquid, obtained by the distillation of alcohol 
with sulphuric acid. But it has been found that the same 
substance, when distilled with other acids, afibrds a li(|uid 
possessing in some respects similar properties, and therefore 
these compounds are now distingujushed by prefixing the 
name of the acid employed. 
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Stdphwrie Ether. To make sulphuric «(heT, pouT into % 
tubulated retort a certain quantity of alcohol by weight, mi 
.add, in small portions at a time, the same weight of strong 
sulphuric acid, allowing the mixture to cool after each addv 
tioa. Then connect the retort with a receiver, and, by means 
of 8 lamp, make the mixture boil. The receiver must be kent 
cold by the application of ice, or wet cloths. The ether witt 
pass ovex and be condensed in the receiver. The ether thus 
obtained, contains a portion of alcohol, and cooimonly m- 
little sulphuric acid, from which it is purified by agitation, 
with potash, and redistillation. 

In respect to the chemical changes which take place hb- 
tween the alcohol and acid, to form the new product ether, 
it is foubd, on analysis, that the latter substance is composoi 
of two proportions of olefiant gas, and one proportion of 
water. The number for olefiant gas being li, and that for 
water being 9, the equivalent number for ether is 37. 

Now olefiant gas consists of 2 atoms of carbon 12, and 2 
atoms of hydrogen 2=14, to which 1 atom of water 9, being 
added, makes the composition of ether. 

Alcohol is composed of, or contains the elements of, 1 atom 
of olefiant gas, and 1 atom of water, and therefore alcohol 
contains double the proportion of water that ether does. 
Now if 1 proportion or atom of water be abstracted from two 
of alcohol, the exact proportions constituting ether will re- 
main. Thus, the number for alcohol being 23, double thi» 
number is 46, from which one atom of water, 9, being taken, 
there remains 37, the number representing ether. It wilt 
be seen, on comparing these several numbers, that they exf 
actly correspond with the constituents above named, and it 
is supposed that this is the precise mode in which sulphuric 
acid operates to convert alcohol into ether. In consequence 
of the affinity of sulphuric acid for water, it abstracts ono 
atom of that fiuid from the alcohol, and thus the elements of 
ether remain. 

Sulphuric ether is a light, odorous, transparent fluid, of n 
hot and pungent taste. Its specific gravity, when most pure» 
is about 700, water being 1000 ; but that of the shops is 74fc 
or 750, owing to the presence of alcohol. When exposed to 
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-the open fti?, ft e^pb rates with great rapidity, and occasions 
an intense degree of cold. This is in consequence of the 
principle already explained, that when a substance passes 
nom a denser to a rarer state, caloric is absorbed. 

Ether is exceedingly combustible, and^ burns with a blue 
flame, the product of its combustion being water and car- 
bonic acid 

Ether is employed as a medicine in nervous fevers, and as 
a solvent in the arts. When pure, or when that of the shops 
is agitated with water, and, after standing a while, is poured 
off, it is a solvent of India rubber, .one of the most insoluble 
«f vegetable products. 

NUraiis Ether is prepared by distilling alcohol with nitric 
acid, in a manner similar to that described for sulphuric 
ether, ta which its leading properties are similar. It is, how- 
ever, still DftOEd volatile, and is subject to decomposition by 
keeping. 

Vegetable Alkalies. 

Potash and sod^ were formerly called vegetable alkalies^ 
in order to mark their origin, and to distinguish them from 
the other alkaline substances. These alkalies, as stated i^ 
their proper places, are obtained chiefly by the incineration 
of land and sea plants^ though they both exist ready formed 
hj nature. They are found to be metallic oxides, and have 
been desciibed under the names of oxide of potassium and 
oxide of sodium. The vegetable alkalies now to be descri- 
bed, are strictly vegetable products, and are obtained, not by 
incineration, but ' by the digestion, or maceration, of' certain 
vegetable substances m water. 

The following is an outline of the method by which they 
are obtained. In the first place, the substance containing 
the alkali i» digested in a large quantity of vel*y pure water, 
which dissolves the salt, the base of which is the alkalL 
On adding some salifiable base, such as potash, or ammonia, 
which has a strong affinity for the acid of the vegetable salt, 
in the watery solution, this salt is decomposed, its acid comr 
bining with the potash, or ammonia, and thus leaving the 
vegetable alkali in the solution. This being insoluble, white 
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the new sak is soluble in water, is collected and washed on 
a filter. The vegetable alkali thus obtained, is however im- 
pure, and requires to be dissolved in alcohol, with the addi- 
tion of some animal charcoal, which deprivea it of its color, 
— then filtered^ and the alcohol evaporated,, when the pure 
alkali will be obtained. 

The most important vegetable alkalies are, Morphia, Cinr 
6honia, and QuiiUa, 

MarpMa. 

Morphia is the narcotic principle of opium. Opium-, be- 
sides morphia, contains meconic acid, narcotine, gum, resin- 
ims, es^tr active, and colouring matter, and a small quantity of 
caoutchouc, or India rubber. 

Morphia exists in the opium, combined with meconic acid, 
forming meconate of morphia. To obtain it, therefore, it is 
necessary to decompose this salt, by which the morphia is li- 
berated, and afterwards obtained by the etraporation of some 
fluid in which it is soluble 

This is done by boiling a solution of opium in water, with 
magnesia, by which the meconate of morphia is decomposed, 
and a meconate of magnesia is formed. The morphia being 
thus precipitated, is obtained in an impure state by filtration, 
and afterwards purified by solution in alcohol. On evapo- 
rating the alcohol, the pure alkali is deposited in crystak. 

Piire morphia occurs in small rectangular white prisms; 
of considerable lustre. It is insoluble in waterj but alcohol; 
especially by the aid of heat, dissolves it freely. In its pure 
state, this substance is nearly tasteless, owing to its insolubi«> 
lity in water, but whei^ ^t is rendered soluble by combining 
with an acid, or when dissolved ift alcohol, it is intensely bit- 
ter. From the same cause, in its pure and solid state, moi* 
phia is nearlyinert on the living system, Orfila having given 
twelve grains to a dog, without any sensible efifects. On the 
contrary, when in a. state of solution, it acts on the system 
^ith great energy, Orfila having seen alarming effects from, 
half a grain. 
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This may b& aepuated and observed in its pAre tme(hy 
moving the soluble parts of lean bee( cut into small piecea^ 
by repeated washing, and digestion in cold wate^ 

Fibrin thus- obtained,^ nearly white, and is insipid and 
inodorous. It readily puses into the putrefactive fermenta- 
tion, but in thin pieces, suspended in a dry place, its fluid 
parts evaporate, and it becomes hard, brittle, and translucent^ 

Alcohol converts fibrin into a &itty substance^ which is so- 
luble in the same fluid and in ether, but is precipitated by the 
addition of water. This substance is decomposed by all the 
strong acids, and is dissolved by caustic potasL 

Fibrin is composed ofj[l8 pails of carlx>n, 14 of hydrogen, 
5 of oxygen, and 3 of nitrogej^ 

Albumen. — ^Albumen enters largely into the compcKsition of 
animals. Their solid, as well as fluid parts, contain it in 
greater or less proportion. Liquid albumen is nearly pare 
in the whites of eggs. Its appearance, and many of its pro- 
perties, in this state, are well known. It is coagulated, and 
converted into^a soft solid, fy heat, by alcohol, and by the 
stronger acids,/ The character of beingCoagulated by hea^ 
distinguishes albumen from all other animal fluids. It is com- 
pletely soluble in cold water, and it is said that when this fluid 
contams only -nmr P*^ ®^ albumen, it becomes opalescent by 
boiling. On t^ property is founded the clarifying effects 
of albumen. (As it coagulates, by the heat of the water, it 
entangles any msoluble particles the fluid contains, and rises 
with them to the surfaqe^ 

GeliUiiu. — This substance forms a proportion of all the 
solid parts of animals, andis particularly abundantun the skin, 
tendons, membranes, and bones^ It is soluble in boiling water, 
and forms a bulky,. semi-tradSparent, tremulous mass, when 
cold. By evaporati(Mi, it becomes a solid, brittle, hard, and 
semi*transparent substance, known in commerce and the arts, 
under the name oi(glue.j This is chiefly prepared from the 
cuttings of skins, and tfie ears and hoofs of animals. Itin- 
glass, ^hich is the purest variety of gelatine, is prepared from 
certain parts of fish, and especially the sturgeon^ The gela- 
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tjne called calva fM jelly, is prepared by boiling^ the feet of 
that animal in water. 

Gelatine is precipitated by^nnii)^ This is so delicate a 
test for gelatine, that it is said, an infusion of nut galls, which 
•contains a large quantity of tannin, will show the presence 
of gelatine when mixed with 5000 times its weight of water. 

The three ingredients, fibrin, albumen, and gelatine, form 
thnhost bulky pans of all animals, that is, the fiesh, tendons 
carnages, and skin ) 

Oleaginous Substances, 

The fat of animals is very analogous, in its composition 
4nd proportions, to the fixed," vegetable oils, its ultimate prin- 
ciples being^carbon, hydrogen, and nitrogen} 

There is a considerable variety in the appearance and 
qualities of the fatty principle contained in different animals. 
The solid fat of land animals is called tallow, while the cor- 
responding substance from fish, which is fluid at common 
tenapieratures, is called oil. 

fpll these substances agree very nearly in respect to com- 
position, the principal difference being in respect to form and 
appearance) Their uses, for making soap, giving light, &€. 
are well known. • , 

Blood. 

The blood of animals obviously consists of two parts, called 
$emm and crassamentum. In healthy blood, these two parts se- 
parate spontaneously on standing. \The crassamentum coagu- 
lates, and forms a red, solid mass, while the serum surrounds 
it, in form of a yellowish fluid. 

The serum contains a small quantity of soda in a free state, 
and is 29 parts in 1000 heavier than water. It consists, in 

Eart, of albumen, and is coagulated by heat, acids, and alco- 
ol. The crassamentum consists of two parts, the fibrin and 
the colouring matter. The fibrin does not differ, except in 
form, from that obtained from lean flesh, which has already 
been described. 
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^he coloring matter of the blood consists of *distinet pai> 
tides, which in birds and cold-blooded animals, are elliptical 
Ib form, but in man and other mammiferous animals, they are 
globalaCi/ These facts have been acsertained by means of 
the microscope. The globules are insoluble in the Sjsrum, 
but their color is dissolved by water acids, and alcohol. 

It has been suppossed that the crassamentum contained a 

Sortion of iron, but recent analysis has shown that this metal 
oes not belong to the crassamentum as a whole, but only to 
the coloring matter ; for when the fibrin is carefully sepa* 
rated from the coloring principle, it does not contain a 
trace of iron, while iron is always found in the red glo- 
bules. 

From the presence of iron in the globules, and its total 
absence in the other parts of the blood, it is inferred th^it the 
red color of the globules depend on the p^ence of this 
metal, though its quantity is found to be oniyyialf a grain to 
a hundred grains of the globules] ^ 

It is found that during the coagulation of blood, meat is 
eTolved, and consequently its temperature is raised! This 
is owing to its passage from a rarer to a denser staf^ in con- 
sequence of which its capacity for caloric is diminished. 
We have had frequent occasions to refer to this principla 
The increase of temperature from this cause, is however 
very slight, perhaps not more than two or three degrees, but 
ks cooling is considerably retarded by the caloric thus 
evolved. 

The blood presents several phenomena, which neither the 
principles of chemisty nor physiology have been able to ex* 
plain. The cause of its coagulation, for instance, has never 
been satisfactorily accounted for. It does not arise for want 
of heat or motion, for if blood be drawn when the tempe- 
rature of the air is equal to that of the animal from which it is 
taken, and then kept constantly in motion, its coagulation 
is not prevented, or even retarded. Indeed, neither mod- 
erate heat, nor cold, a vacuum, nor pressure, nor even di- 
lution with water, seem to have any influence on the coagu- 
lation of the blood. On the contrary, its coagulation is pre- 
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^tenled by certain causes, the effects of wliicli ienid not be 
supposed to influence this circumstance. Thus, the UimS 
^f perso&s who have been destroyed by some kinds of poJaon^ 
and by mental emotions, has been found uncoaffulalod, and in 
« fluid state. How causes so unlike should produce th# 
«ame efiects, or why either of them shouki a&ct the bk)od 
4it «U, are equally unknown. 

Respiration. 

Respiration is the act of breathing, and consists in the 
alternate drawing into, and throwing out of the lungs, a 
quantity of atmospheric air. And it appears that this pror 
cess, or an equivalent one, is necessary to support the lives 
of all animals. 

The atmosphere, as fonnerly shown,^ composed |6f 80 
parti^ of nitrogen, and 20 parts of oxygen^ and it is found by 
experiment, that no other gaseous compmind can be substi- 
tuted for respiration, nor can these proportions be varied with- 
out injury to its qualities. 

The immediate effect of respiration, is to produce a 
change in the color of the blood as it passes through the 
lungs, thus indicating that k suff^s some change in its pro- 
perties at the same time. 

The necessity of respiration to all warm blooded animalD 
requires no proof; and the necessity that the blood should 
be brought into contact with the air inspired, is equally <Ar 
viou5 from the organization of their lungs. 

Such animals are provided with two kinds or classes of 
blood vessels, called veins and arteries. 

The arteries, particularly the large ones, are deeply seat- 
ed within the animal, and convey the blood to all parts of the 
living system. The veins, on the contrary, especially the 
small ones, are situated near the surface, and are destined 
to convey the blood back to the heart, which had been thjrpwn 
out by the arteries. 
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' But hemiea these two great systems of Mood vcas9f U 
tbere is aoother system called the pulmonary, whicb(is des- 
tined expressly to convey the blood to the lungaiwWe it 
undergoes the change above mentionedf and^^en back 
again to the heart 

The entire circulation will now be readily understood. — 
(^he blood being thrown to all parts of the body, is returned 
to the right side of the heart by the great system of vein& 
From the right side of the heart it is sent to the lungs, by 
the pulmonary artery, and being there changed into arterial 
blood, is returned by the pulmonary veins to the left side of 
the heart. From the left side of the heart, it is thrown to 
all parts of the body by the great system of arteries, to be 
returned to the right side by the veins, as befor^ 

When venous blood, fresh drawn, is suffered to stand a 
few minutes in a confined portion of atmospheric air, it is 
found that the air loses a part of its oxygen, wliich is re- 
placed by the same volume of carbonic acid gas, and at the 
same time the color of the blood, from being of a dark par- 
pie, becomes florid red. This is the same change of color 
which the blood undergoes in its passages through the lungs. 
The cause of the change in the lungs might therefore be 
inferred to be the absorption of oxygen by the blood, and the 
subsequent emission of carbonic acid. 

That this change of colour in venous blood, when out of 
the lungs, is owing to the contact of oxygen, is shown by 
the more immediate production of the same effect when 
oxygen is substituted for atmospheric air, and also by the 
&ct that no change of color is produced when the oxygen 
is entirely excluded. Hence the inevitable conclusion, that 
fresh drawn venous blood emits a quantity of carbon in con- 
isequence of its coming in contact with oxygen, and that its 
change of color is caused by this emission. 

The same change thus proved to take place in the atmos- 
phere, is constantly going on in the lungs. The venous 
mood, which, as above explained, is sent to the lungs through 
the pulmonary artery, is charged with carbon, to which it 
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t>W8B Its dark color. The oxygen of the atmosphere, by in- 
opiration, fills all the air vessels of the lungs, and is thtis 
'brought nearly into contact with the blood, being separate 
^m it only by the thinnest membrane. 

It appears that through this membrane, the oxygen of the 
atmosphere is absorbed, and having combined with a portion 
of the carbon of the blood, it is agafti emitted in the form of 
carbonic acid gas, and to this process is owing the change 
from venous to arterial blood. 

In proof of this, experiment shows that when any living 
animal is confined in a portion of air containing a known 
quantity of oxygen gas, the oxygen gradually disappears, 
and is replacea by the same quantity of carbonic acid. In 
ordinary respijation, the air from our lungs always contains 
a portion of carbonic acid. This is proved by merely blow- 
ing into a glass vessel containing a solution of lime in water, 
or what is commonly called lime water, when the clear water 
will instantly become turbid, because the carbonic acid from 
the Inngs unites with the lime of the water, and forms an in- 
8<^able carbonate. 

It does not appear that the oxygen is absorbed, and retain?* 
ed by the blood, for the absolute quantity of air, thoogh 
many times respired by a confined animal, remains the sama 
This also proves that the nitrogen of the atmosphere is not 
absorbed. It is well known by experiment, that the conver- 
sion of oxygen gas into carbonic acid, does not in the least 
change its volume, but only adds to its weight. This ac- 
counts for the reason why the volume of air is not changed 
by respiration, or by convertion into carbonic acid, provided 
no absorption take place. 

Thus the change from venous to arterial blood, seems to be 
produced entirely by the loss of carbon, which the former 
suffers while passing through the lungs. 

It appears also, from numerous ^periments, that not only 
warm blooded animals, but also fish, and cold blooded reptiles 
of the lowest order, absolutely require the presence of 
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tficyi^n in order to sustain life. Water, it lias nirbadjr 
Muted, always contains a portion of this gas in airee state, and 
killh&ug'h the quantity is small, it is sufficient to sustain th^liyes 
of its inhabitants. That fish, frogs, and otber animals. of this 
idtid, cannot sustain life without oxygen gas^ is proved by the 
lh<$t, that they die in a short time, if the water in which thej 
lire placed is covered with a film of oil, so that no oxygen is 
admitted. Frogs, though capable ol suspending their respin- 
tion for a long time, die in less than an hour^ if the sbmU) 
quantity of water in which they are confined is covered with 
oil. Aquatic insects and worms exhibit the same phenoeas- 
M when treated in the same manner, in these cases, ex- 
J^riment has shown that oxygen is converted into carbonic 
ilbid, the effect being the same as that produced by the le- 
Spimtion of warm blooded animals. 

Indeed, the experiments of Spallanzani prove that ani- 
Iftals produce this change by the action of their skia» Thus, 
IferpentSy lizards, and frogs, during their torpid state, and 
when their respiration is suspended, still require small por- 
tions of oxygen, which ihey constantly convert into carbonic 
VLCid by means of their skin, and it is probable, that in this 
ttiaimer, the blood of these animals parts with a little car- 
bon. 

Animal Heat 

During combustion there is an absorption of oxygen^, and 
B> subsequent emission of carbonic acid gas, and in the act of 
respiration, oxygen disappears, and is replaced by the same 
ticid gas. Combustion and respiration are therefore sup- 
ported by the same principle, and yield the same product 

This analogy led Dr. Black to conclude that the changes 
which take place on the air, and on the blood in the lungs, 
ivas the cause of animal temperature ; aiid several circum- 
stances relative to the structure of animals and the quantify 
of oxygen they consumd by respiration, seem to show that 
the heat of their blood depends, m a measure at least, on the 

Siantity of this principle thus consumed. Animals having 
e power to maintain their ten^peratures above the media 
isn which they live, are provided with capacious lungs, and 
^fisume large quantities of oxygen. Birds, the temperature 
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have lungs still more capacious, according to their size, and 
consequently, most probably consume more vital air. On 
•ihe contrary, fish, frogs, and other animal of this tribe, 
•which consume only very minute portions of oxygen, do not, 
sustain their temperature above the media in which they 
live. 

It appears also, that the temperature of an animal; wheH' 
made to respire pure oxygen gas, is raised above the natural 
standard, but wnen the quantity of this gas consumed is* 
jsmall, the temperature of the animal ^Us, and the circula- 
tion of the blood is sluggish and languid. 

From these considerations, it would appear that the heat 
of the animal is sustained by its respiration, and that its 
temperature is proportionate, in some degree, to the quantity 
of oxygen it consumes, or converts into carbonic acid. 

Dx. Crawford, pursuing this idea, supposed that the omt- 
bonic acid discharged by the breath, being generated in the 
lungs, ai\d accompanied with the loss of oxygen, extricated 
heat during its formation, and that the temperature of the 
anicaal might thus be explained But as the heat of the 
lungs was found to be no greater than that of other internal 
parts, there must be some mode of accounting for its dis« 
tribution to oth^ parts of . the system, otherwise this> 
theory cpuld not for a moment be supported. It is oh* 
vious that, in whatever manner this distribution is effected,, 
the heat must be latent, or insensible; for supposing it to be 
in a free state, the lungs, or part where it is gerierated,^ 
would still be at a higher temperature than the parts tc 
wi^ich it is distributed. 

Accordingly, on comparing the capacities of venous and^ 
arterial blood for heat. Dr. Crawford found, that arterial 
blood had the greatest capacity, and therefore, that at the 
same temperature, it containe({ a quantity of latent heat, 
which the venous blood did not: He therefore supposed- 
that this latent heat was conveyed by the arterial blood,. tO' 
all parts of the system, and as the arterial is gradually con*- 
verted into t<mii9us blood, bo the latent heat gradually he» 
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mannei, animal temperature is maintained. 

This beautiful theory was supposed to be founded oa the 
true principles of chemistry and physiology, and being no 
received, it accounts very satisfactorily for animal tempxa- 
tur& But Dr. Davy has since shown that the principal fiiet 
on which it is founded, the difference of the capacities of ve- 
nous and arterial blood for beat, is not true, but that in this 
respect there is little or no diflerence between the two kinds 
•f blood. 

If Dr. Davy has maintained the tru^h, it is obvious that Dr^ 
Crawford's theory must &11 to the ground 

Although the facts stated above, in respect to the capacity 
of the lung9, in warm blooded animals, and the quantify of 
oxygen which they consume, when compared with cold 
blooded animals, would seem to show almost beyond a doub^ 
that animal temperature is connected with the quantity of 
oxygen consumed, and the changes which the blood luder- 
goes in the lungs ; still some physiologists deny the agency 
of either of these causes in producing such effects, and as- 
cribe the evolution of animal heat entirely to the influence of 
the nervous system. 

The foundation of this doctrine, is an experiment of Mn 
Brodie, who found that on keeping up an artificial respira- 
tion in the hangs of a decapitated animal, the colour of the 
blood was changed from purple to red, and carbonic acid emit^ 
led as usual ; but that this animal grew cold more rapidly than 
another decapitated animal of the same kind which lay un* 
touched. It is obvious, that this result would follow unless 
heat was evolved by the artificial respiration, because (he 
air forced into the lungs would abstract the heat of the ani- 
mal. 

"Were these experiments rigidly exact, says Dr. Turner; 
they would lead to the opinion that no caloric is evolved by 
the mere process of arterialization. This inference cannot 
however, be admitted, for two reasons : — First, because 
ether physiologists, in repeating the experiments of Brodie^ 
have fouDid that the process of cooling is retarded by artifi* 
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clal f^piration; and, secondly, because it is difficult to coa* 
ceive woy the fonnatipn of carbonic apid,. which uniformly 
gives rise to increase of temperature in other eases, should 
not be attended within the animal body with similar results. 
It may hence be inferred, that this is one of the sources of 
animal heat." 

In respect to the influence of the nervous system over the 
development of animal temperature, there is no doubt but 
considerable effects may be safely attributed to this cause. 
But in what manner the heat is evolved, is perhaps uncer* 
tain. 

In conclusion, we may remark, that the subject of animal 
t^mperature has excited the attention, and has been made ai^ 
object of experiment and research among philosophers and 
physiologists in all ages, and that many ingenious and some 
plausible theories have been invented and detailed, in order 
to give satisfactory explanation of its cause. The theory 
of Dr; Crawford, among these, was perhaps the most plausi- 
ble, and certainly the most philosophical and beautiful. But 
we have seen,, that the leading fects on which it was found- 
ed, have been proved by his successors not to be true, and 
therefore the theory itself cannot be maintained. That the 
oxygen of the atmosphere is one of the causes of animal heat 
cannot be doubted, from the facts, that no animal' can live 
without it, and that the heat of animals is in some proper^ 
tion to the quantity ofthis principle consumed. 

But as this principle can have no effect, except through 
the lungs, if it is admitted that heat is evolved by its action 
there, there is still much difficulty in explaining either why 
the lunges are not constantly at a higher temperature than the 
other parts of the system, or if they wer^ how the heat could 
be conveyed to the other parts, from its fountain. 

On the whole, it appears that the cause of animal heat is 
one of the arcana of nature, into which man has not yet been 
permitted to look, and therefore, we must be contented at 
present to attribute it to the viial priiuiple, \ 

/' 
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PART IV. 

ANALYTICAL CHEMISTftY. 

To enter into a detailed account of experimental and ana 
lytical chemistry, is altogether inconsistent with the design 
and limits of the present work. My sole object in this de- 
partment is to give a few concise directions for conducting 
some of the more common analytical processes ; and in or- 
der to render them more generally useful, I shall give exam 
pies of the analysis of mixed gases, of minerals, and of mine 
ral waters. 



ANALYSIS OF MIXED GASES. 

Analysis of air, or of gaseous mixtures containing oxygen 
Of the various processes by which oxygen gas may be with- 
drawn from gaseous mixtures, and its quantity determined^ 
none are so convenient and precise as the method by means 
of hydrogen gas. In performing this analysis, a portion of 
atmospheric air is carefully measured in a graduated tube, 
and mixed with a quantity of hydrogen, which is rather more 
than sufficient for uniting with all the oxygen present. The 
mixture is then introduced into a strong glass tube called Vol- 
ta^s eudiometer, and is inflamed by the electric spark, the 
aperture of the lube being closed by the thumb at the mo- 
ment of detonation. The total diminution in volume, divided 
by three, indicates the quantity of oxygen originally contain- 
ed in the mixture. This operation may be performed in a 
trough either of water or mercury. 

Instead of electricity, spongy platinum (page 126) may be 
employed for causing the union of oxygen and hydrogen 
gases ; and, while its indications are very precise, it has the 
advantage of producing the eflect gradually and without de- 
tonation. The most convenient mode of employing it with 
this intention is the following. A mixutre of spongy plati- 
num and pipe-clay, in the proportion of about three parts of 
the former to one of the latter, is made into a paste with 
water, and then rolled between the fingers into a globular 
form. In order to preserve t^ie spongy texture of the plati- 
num, a little muriate of ammonia is mixed with the paste ; and 
when the ball has become dry, it is cautiously ignited at the 
Ibime of a spirit-lamp. The sal-ammoniac, escaping from 
all parts of the mass, gives it a degree of poiiosity which i» 
peculiarly favorable to its action. The ball, t^us prepared,, 
should ber protected from, dust, and be heated t» leanea* jost 




Wfofe being «Md. To insaie acburaey^ lh» hf it o g m mar 
pleyed 4BlM>idd be kept ever loercury for « few houxa In coa* 
<Aot with a spongy platinumball and a piece of caustic pot* 
ash. The first deprives it of traces of oxygen which it 
coBunonly contains, and the second of moisture and sulphu- 
retted hydrogen. The analysis must be per£;>rined in a mei^ 
curial trough. The time required for complel^ removing 
the oacygen depends on the diameter of the tube. If the 
BMJcfcttie is contained in a very narrow tube, the diminution 
does not arrive at its full extent in less than twenty minutes 
or iialf an hour; while in a vessel of an inch in diameter 
the effect is complete in the course of five minutes. 

Mode cf dttermrning the gudniity of nitrogtn in gaseous 
mixtures. — As atmospheric air, which has been deprived of 
moisture and carbonic acid, consists of oxygen and nitrogen 
only, the proportion of the latter is of course known as soon 
as that of the former is determined. The only method, in- 
deed, by which chemists are enabled to estimate the quantity 
of this gas, is by withdrawing the other gaseous substances 
with which the nitrogen is mixed. • 

M»de of determining the ^fuantitp of carbonic acid in gaseom 
mixtures. — When carbonic acid is the only acid gB» whidk 
k-i^esent^ aa happens in amospheiic ais^ ia ^he t^timato 
a»al3r6is of organic compounds, and in most other analogous 
researches, the process for determining the quantity of car* 
bonic acid is exceedingly simple ; for it consists merely in 
i^bsorbing that gas by lime water or a solution of caustic po- 
tash. This is easily done in the course of a few minutes in 
an ordinary graduated tube ; or it may be effected almost in« 
slantaneously by agitating the gaseous mixture with the alka- 
Hne liolution in Hope's eudiometer. This apparatus is form^ 
ed of two parts ; a bottle capable of containing about twenty 
drachms of fluid, and furnished with a well-grotmd stopper ; 
Stud a tube of the capacity of one cubic inch, divided inta 
14)0 equal parts, and accurately fitted by grinding to the neck 
of the bottle. The tube, full of .gas, is fixied into the bottle 
previously filled with lime water, and its contents are briskly 
agitated. The stopper i& then withdrawn under water, wheit 
a portion of liquid rushes into the tube, supplying the plaea 
of 'the gas which has disappeared ; and the process is aibr* 
wards rep««ted, as long as any absorption ensues. 

The eudiometer of Dr. Hope was originally designed f(» 
analyzing air or other similar mixtures, &e hDttlabeing'fi ^ad 
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with ft solution of the hydro-sQlphuret of potaMi ot Ihne, cyr 
some liquid capable of absorbing oxygen. To the employ* 
ment of this apparatus it has been objected, that the anorp* 
Hon is rendered slow by the partial vacunm which is continu'- 
ally taking place within it, an inconTenience particularly felt 
towards the close of the process, in consequence of the eudi- 
ometric liquor being diluted by the admission of water. To 
temeAy this defect, Dr. Henry has substituted a bottle of elas- 
tic gum for that of glass, by which contrivance no Tacuum 
can occur. From the improi^d method of analyzing air, 
however, this instrument is now rarely employed in: eudiome- 
try J but it may be used with advanta^^e for absorlnng carbo- 
nic acid of similar gases, and is particularly useful for the 
purpose of demonstration. 

Mode of analyzing mixtures of hydrogen and othtr.infiam' 
mable gases. — ^When hydrogen is mixed with nitrogen, air, or 
other similar gaseous mixtures, its quantity is easily ascer- 
tained by causing it to combine with oxygen either by means 
of platinum sponge or the electric spark. If, instead of hy- 
drogen, any other combustible substance, such as carbonic 
oxide, light carburetted hydrogen, or olefiant gas, is mixed 
with nitrogen, the analysis is easily affected by adding a suJT 
ficient quantity of oxygen, and detonating the mixture by 
electricity. The diminution in volume indicates the quantitr 
of hydrogen contained in the gas, and from the carbonic acid, 
which may then be removed by an alkali, the quantity of car- 
bon is inferred. 

Wh^i olefiant gas is mixed with other inflammable gasea^ 
its quantity is easily determined by an elegant and simple 
process proposed by Dr. Henry. It consists in mixing 100 
measures, or any convenient quantity rof the gaseous mixture, 
with an equal volume of chlorine in a vessel covered with a 
piece of cloth or paper, so as to protect it from light ; and 
after an interval of about ten minutes, the excess of chlorine 
is removed by lime water or potassa. The loss experienced 
by the gas to be analyzed, inoicates the exact quantity of ole- 
fiant gas which it had contained. 

In mixtures of hydrogen, carburetted hydrogen, and car- 
bonic oxide, the analytic process is exceedingly difficult and 
complicated, and requires all the resources of the most re- 
fined-chemical knowledge, and all the address of an experi« 
enced analyst. The most recent information on this aabjed 
will be found in Dr. Henry's Essay in the PhQosophical 
Transactions for 1824. 
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ANALYSIS OF MINERALS. 



As the very extensive nature of this department of analYti«> 
cal chemistry renders a selection necessary, I shall connnA 
my remarks solely to the analysis of those earthy minerals 
with which the beginner usually commences his labours. The 
most common constituents of these compounds are silica, alu- 
mina, iron, manganese, lime, magnesia, potassa, soda, and 
the carbonic and sulphuric acids ; and I shall, tWefore, en- 
deavor to give short directions for determining the quantity of 
each of these substances. 

In attempting to separate two or more fixed principles from 
■ each other, the first object of the analjrtical chemist is 40 
bring them into a state of solution. If they are soluble ^ut 
water, this fluid is preferred to every other menstruiun, but 
if not, an acid or any convenient solvent may be employed 
In many instances, however, the substance to be analyzed 
resists the action even of the acids, and in that case, the foi>- 
lowiag method is adopted : — The compound is first crushed^ 
by means of a hammer, or a steel mortar, and is afterwards 
reduced to an impalpable powder in a mortar of agate ; it is 
then intimately mixed with three, four, or more times its 
weight of potassa, soda, baryta, or their carbonates ; and laslh 
ly, the mixture is exposed in a crucible of silver or platinum 
to a strong heat. During the operation, the alkali combine^ 
with one or more of the constituents of the mineral ; and, 
consequently, its elements being disunited, it no longer resists 
the action of the acids. 

Arudysis of Marble or Carbonate of Lime. — This analysis 
is easily maae by exposing a known quantity of marble, hi 
about half an hour, to a fiill white heat by which means the 
carbonic acid gas is entirely expelled, so that by the loss in 
weight the quantity of each ingredient, supposing the marble 
to have been pure, is at once determined. In order to as- 
certain that the whole loss is owing to the escape of carbonic 
acid, the quality of this gas may be determined by a compa- 
rative analysis. Into a small flask, containing muriatic acid, 
diluted with two or three parts of water, a known quantity of 
marble is gradually added, the flask being inclined to one 
side in order to prevent the fluid from being flung out of th0 
vessel 'during the efl^ervescence. The diminution in weight 
experienced by the fkdk and its contents, indicates the quai>- 
tity of carbonic acid which has been expelled. 

Bhoold the carbonate suffer a greater loss in the Are thao 



when deoompoted l^yai^ acid, jt will most pioMbly be hwai 
to contain water, xhis may be ascertained by heating m. 

C" Cftof it to minem, m a jriaas tube, the aides of which mU 
bedewed with maistnre, If wat^ is present. Its quai^ity 
«Bay be determined by cansiiig the watery vapour to pass 
throiufh a weighed tube filled withr^g^ents of the chlori4e 
of eakium, (muriate of line;) by nkh the moisture is aJb* 
•orbed. <• . V. 

Supara^an «/ lAmt and Jlisya <f^\ The more commit 
Idnds of earbonate ai line frequent^ e^ittajn traces of ttii* 
cious and aluminous earths, in consequeiKe of which, tbef^ 
are not completely dissolved in dilute muniUic acid. A very 
frequent source of impurity is the carbopate of magnesw. 
which is often present in such eaontity ^lat it forms a pecu- 
liar compound called vtagnesuj^Mmest^m,'' The analysis ef 
this substance, so £ur as re8ped|rj^rbonic;illu^id, is the liaroe as 
that of marble. The separation of the two'^e^rthb mtiy be con- 
veniently effected i]S the following manner. The solutk>tt of 
the mineral in muriatic acid is evaporated to perfect drjonasB, 
in a fiat dish or eapsuU of porcelain^ and after re^ssolvm^^ 
the reinduum, in a moderate quantity of distilled watex, a solv- 
tion of the oxalate of ammonia is added as long as a precipi- 
tate ensues. The oxalate of lime is then allowed to subsioe^ 
4Sollected on a filter, converted into ^{V^^ime by a white heat, 
and weighed ; or the oxalate ma^.^ decomposed by a red 
heat, the carbonate resolved into 190 sulphate of lime oy svA- 
phunc acidf and the excess of 0&id expelled by a tempent* 
ture of ignition. To the filtered liquid containing the mag- 
nesia, an excess of carbonate of ammonia, and then phos- 
phate of soda is added, when the magnesia in the ferm of the 
ammoniaco-phosphate is precipitated^ Of this precipitate, 
heated to redne^ss, 100 parts correspond to 40 of pure mag- 
nesia. (Murray) • 

Earthy Sulphates, — The most aotfndanl of the earthy sul- 
phates, is that of lime. The analysis of this compound is 
easily efiectexL By boiling it for fifteen or twenty minutes 
with a solution of twice its weight of the carbonate of soda, 
double decomposition ensues; and the oarboimte of Imie, 
after being collected on a filter and washed with hot water, is 
either heated to low redness, to expel the water, and weighed, 
or at once reduced to quicklime by a white heat Of the dry 
earbonate, fifty parts correspond to twenty-eight of lime. 
The alkaline somtios is acidulated with muriatic acid, and 
^le sulphuric acid thrown down by the muriate of bavyta. 
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Fmh the Sttlplmte of this earth, collected and dried at a red 
heat, the quantity of acid may easily be estimated. 

The method of analyzing the su^hates of strontia and ba- 
ryta is somewhat different. As these salts are difficult of de- 
composition in the moist way, the following process is adopt- 
ed. The sulphate, in fine powder, is mixed with three times 
its wdght of the carbonate of soda, and the mixture is heat- 
ed to redness in a platina crucible, for the space of half an 
hour. The ignited mass is then digested in hot water, and 
the insoluble earthy carbonate collected oh a filter. The oth- 
er parts of the process are the same as the foregoing. 

Mode of analyzing compounds of Silica, Alumina, and Iron, 
Minerals, thus constituted, are aecomposed by an alkaline 
carbonate, potash, or soda, at a red heat, in the same manner 
as the sulpnate of baryta. The mixture is afterwards digest- 
ed in dilute muriatic acid, by which means all the Ingredi* 
entili of the mineral, if the decomposition is complete, are 
dissolved. The solution is next evaporated to dryness, the 
heat being carefully regulated towards the close of the pro- 
cess, in order to prevent any of the chloride of iron, the vol- 
atility of which is considerable, frofli being dissipated in va- 
por. By this operation, the silica, though previously held in. 
solution by the acid, is entirely deprived of its solubility [ so 
that on digesting the dry mass in water, acidulated with mu- 
riatic acid, the alumina and iron are taken up, and the silica 
is left in a state of purity. The siliceous earth, after sub- 
siding, is collected on a filter, carefully edulcorated, heated 
to redness, and weighed. 

To the clear liquid containing iron and alumina, a consid- 
erable excess of a solution of pure potassa is added ; so as 
not only to throw down these oxides, but to dissolve the alu- 
mina. The peroxide of iron is then collected on a filter, edul-> 
eorated carefully until the washings cease to have an alkaline 
reaction, and is well dried on a sand bath. Of this hydrated 
peroxide, forty-nine parts contain forty of the anhydrous pe- 
roxide of iron. But the most accurate mode of determining 
its (quantity is by expelling the water by a red heat. This op- 
eration, however, should be done with care ; since any ad- 
hering particles of paper, or other combustible matter, would 
bring the iron into the state of black oxide, a change which 
is known to have occurred by the iron being attracted by a 
magnet. 

To procure the alumina, the liquid in which it is dissolved 
is boiled with sal-ammoniac, when the muriatic acid unites 
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with the potassa, the volatile alkali is dissipated in vapor, and 
the alumina subsides. As soon as the solution is thus Tender- 
ed neutral, the hydrous alumina is collected on a filter, dried 
by exposure to a white heat, and quickly weighed after remo- 
val from the fire. 

Separation of Iron and Manganese. — ^A compound of these 
metals or their oxide may be dissolved in muriatic acid. If 
the iron is'in a large proportion compared with the manga- 
nese, tne following process may be adopted with advantage. 
To the cold solution, considerably diluted with water, and 
acidulated with muriatic acid, carbonate of soda is gradually 
added, and the liquid is briskly stirred with a glass rod, during 
the effervescence, in order that it may become highly charged 
with carbonic acid. By neutralizing the solution in this 
manner, it at length attains a point at which the peroxide of 
iron is entirely deposited, leaving the liquid colourless ; while 
the manganese, by aid of the free carbonic acid, is kept in 
solution. The iron, after subsiding, is collected on a filter, 
and its quantity determined in the usual manner. The filter- 
ed liquid is then boiled with an excess of the carbonate of 
soda ; and the precipitated carbonate of manganese is col- 
lected, heated to low redness in an open crucible, by which it 
is converted into the brown oxide, and weighed. This meth- 
od is one of some delicacy ; but in skilful hands, it affords a 
very accurate result. It may also be employed for separating 
iron from magnesia and lime as well as from manganese. 

But if the proportion of iron is small, compared with that of 
manganese, the best mode of separating it is by the succi- 
nate of ammonia or soda, prepared by neutralizing a solution 
of succinc acid with either of those alkalies. That this pro- 
cess should succeed, it is necessary that the iron be wholly 
in the state of peroxide, that the solution be exactly neutral, 
which may easily be insured, by the cautious use of ammo- 
nia, and that the reddish-brown coloured succinate of iron be 
washed with cold water. Of this succinate, well dried at a 
temperature of 212" F., 90 parts correspond to 40 of the per- 
oxide. From the filtered liquid, the manganese may be pre- 
cipitated at a boiling temperature by carbonate of soda, and 
its quantity determined in the way above mentioned. The 
benzoate ma^ be substituted for the succinate of ammonia in 
the preceding process. 

It may be stated as a general rule, that whenever it is in- 
tended to precipitate iron by means of the alkalies, the succi- 
nates, or benzoatea^ it is essential that this metal be in the 
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maximum of oxidation. It is easily brought into tliis state by 
digestion with a little nitric acid. 

Separation of manganese from lime and magTiesia.—lf the 
quantity of the former be proportionally small, it is precipita- 
ted as a sulphuret by the hydrosulphuret of ammoma or pot- 
assa. This sulphuret is then dissolved in muriatic acid, and 
the manganese thrown down as usual by means qf an alkali. 
But if the manganese be the chief ingredient, the best«iethod 
is to precipitate it at qnce, together with the two earths, by a 
fixed alkaline carbonate at a boiling temperature. The pre- 
cipitate, after being exposed to a low red heat and weighed, 
is put into cold water, acidulated with a drop or two of nitric 
acid, when the lime and magnesia will be slowly dissolved 
with effervescence. Should a trace of the manganese be 
likewise taken up, it may easily be thrown down by the hy- 
drosulphuret of ammonia. 

Mode of analyzing an earthy mineral containing silica^ iron, 
alumina^ manganese, lime and magnesia. — The mineral, re- 
duced to a fine powder, is ignited with three or four times its 
weight of the carbonate of potassa or soda, the mass is taken 
,up in dilute muriatic acid, and the silica separated in the way 
already described. To the solution, thus freed from silica 
and duly acidulated, carbonate of soda is gradually added, bo 
as to charge the liquid with carbonic acid, as in the analysis 
of iron and manganese. In this manner the iron and alumina 
are rlone precipitated, substances which may be separated 
from each other by means of pure potassa. The manganese, 
lime, and magnesia, may be determined by the processes al* 
ready described. 

Analysis of minerals containing a fixed alkali. — ^Whrai the 
object is to determine the quantity of a fixed alkali, such as pot- 
assa or soda*, it is necessary to abstain from the emplo3n3ient 
of these reagents in the analysis itself; and the beginner will 
do well to devote his attention to the alkaline ingredients 
only. On this supposition, he will proceed in the following 
manner. The mineral is reduced to a very fine powder, mixed 
intimately with six times its weight of the artificial carbonate 
of baryta and exposed for an hour to a white heat. The 
igniteu mass is dissolved in dilute muriatic acid, and the so- 
lution evaporated to perfect dryness. The soluble parts are 
taken up m hot water ; an excess of the carbonate of ammo- 
nia is added ; and the insoluble matters, consisting of silica, 
carbonate of baryta, and all the constituents of the mineral, 
excepting the fixed alkali, are collected on a filt«^, TIm 
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clear toludoa is evaporated to dryness in a porcelain cspsule^ 
and the dry mass is heated to redness in a crucible of plati«> 
wtm, in order to expel the salts of ammonia. The residue is 
the chloride of potassium or sodium. 

In this analysis, it generally happens that traces of manga^ 
liese, and sometimes of iron, escape precipitation in the first 
part of the process ; and, in that case, they should be thrown 
down by the hydrosidphuret of ammonia. If neither lime 
nor magnesia is present, the alumina, iron, and manganese, 
may be separated by pure ammonia, and the baryta subse- 
quently removed by the carbonate of that alkali. By this 
method the carbonate of baryta is recovered in a pure «tate, 
and may be reserved for another analysis. The baryta may 
also be thrown down as a sulphate by sulphuric acid, in which 
case, the soda or potassa is procured in combination with that 
acid. 

The analysis is attended with considerable inconvenience, 
when magnesia happens to be present, because this earth is 
not completely precipitated, either by ammonia or its carbo- 
nate ; and, therefore, some of it remams with the fixed alkali 
The best mode with which I am acquainted for effecting its 
separation, is the following. The carbonate of ammonia is 
fifst added, and the phosphoric acid is dropped into the liquid, 
until all the magnesia is thrown down in the form of the am- 
moniaco-magnesian phosphate. The excess of phosphoric 
acid is afterwards removed by the acetate of lead, and that 
of lead by sulphuretted hydrogen. The acetate of the alkali 
is then brought to drjrness, ignited, and by the addition of sul- 
phate of ammonia is converted into a sulphate. 

In the preceding account, several operations have been al- 
luded to, which, from their importance, deserve more particu- 
lar mention. The process of filtering, for example, is one on 
which the success of analysis materially depends. Filtration 
is tiSbcted by means of a glass funnel, into which a filter, made 
of white bibulous paper, is inserted. For researches of deli- 
cacy, the filter, before being used, is macerated for a day or 
two in water, acidulated with nitric acid, in order to dissolve 
lime and other substances contained in common paper, and it 
is afterwards washed with hot water, till every trace of acid 
is removed. It is next dried at 2 12^ or any fixed temperature 
insufficient to decompose it, and then carefully weighed, the 
weight being marked upon it vnth a pencil. As dry paper 
alMKurbs hygrometic moisture rapidly from the atmosjmere, 
SiA filter, while being weighed, should be inclosed in a light 
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box made for the purpose. When a precipitate is collected 
on a filter, it is washed with pure water until every trace of 
the original liquid is removea. It is subsequently dried and 
weighed as before, and the weight of the paper subtracted 
from the combined weight of the filter and precipitate. The 
trouble of weighing the filter may sometimes be dispensed 
with. Some substances, such as silica, alumina, and lime, 
which are not decomposed when heated with combustible 
matter, may be put into a crucible while yet contained in the 
filter, the paper being set on fire before it is placed in the 
furnace. In these instances, the ash from the paper, the 
average weight of which is determined by previous experi- 
ments, must be subtracted from the weight of the heated 
mass. 

The tests commonly employed in ascertaining the acidity 
*or alkalinity of liquids are litmus and turmeric paper. The 
former is made by digesting litmus, reduced to a fine powder, 
in a small quantity of water, and painting with it white paper 
which is free from alum. The turmeric paper is made in a 
similar manner ; but the most convenient test of alkalinity is 
litmus paper reddened by a dilute acid. 

ANALYSIS OF MINERAL WATERS. 

Rain water collected in clean vessels in the country, or 
freshly fallen snow, when melted, afibrds the purest kind of 
water which can be procured without having recourse to dis- 
tillation. The water obtained from these sources, however, 
is not absolutely- pure, but contains a portion of carbonic acid 
and air, absorbed from the atmosphere. It is remarkable 
that this air is very rich in oxygen. That procured firom 
snow-water by boihng, was found by Gay Lussac and Hum- 
boldt to contain 34.8 and that from rain water 32.percent. of 
oxygen gas. From the powerfully solvent properties of 
water, this fluid no sooner reaches the ground and percolates 
through the soil, than it dissolves some of the substances 
which it meets with in its passage. Under common circum- 
stances, it takes up so small a portion of foreign matter that 
its sensible properties are not materially affected, and in this 
state it gives rise to spring, well, and river water. Sometimes, 
on the contrary, it becomes so strongly impregnated with 
saline and other substances, ^t it acquires a peculiar flavor^ 
and is thus rendered unfit for domestic uses. It is thjen knowDk 
by the name of fniturtb^ water, 

29** 
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T*he compositioii of spring water is dependent on the nature 
of the soil through which it flows. If it has filtered thioug-h 
primitive strata, such as quartz rock, granite, and the like, it 
IS in general very pure ; but if it meets with limestone or gyp- 
sum in its passage, a portion of these salts is dissolved^ and 
communicates the property called hardness. Hard wnter is 
characterized by decomposing soap, the lime of the former 
yieldinfi^ an insoluble compound with the oil of the latter If 
this defect is owing to the presence of the carbonate of lime, 
it is easily remedied by boiling, when free carbonic acid is 
expelled, and the insoluble carbonic of lime subsides. If 
mlphate of lime is present, the addition of a little carbonate 
of soda, by precipitating the lime, converts the hard into soft 
water. Besides these ingredients, the muriates of lime and 
soda are frequently contained in spring water. 

Sprinff water in consequence of its saline impregnation, is 
frequently unfit for chemical purposes, and on these occasions 
distilled water is employed Distillation may be performed 
on a small scale by means of a retort, in the body of which 
water is made to lioil, while the condensed vapor is received 
in a glass flask, called a recifient, which is adapted to its beak 
or open extremity. This process is more conveniently con- 
ducted, however, by means of a still. 

The diflferent kinds of mineral water may be conveniently 
arranged for the purpose of description in the four divisions 
of carbonated, chalybeate, sulphurous, and saline springs. 

The carbonated springs of which those of Seltzer, Spa, 
Pyrmont, Ballston and Carsbad, are the most celebrated, are 
distinguished by containing a considerable quantity of £ree 
carbonic acid, owing to the escape of which they sparkle 
when poured from one vessel into another. They conmm* 
cate a red tint to litmus paper before, but not after being 
boiled, and the redness disappears on exposure to the air. 
Mixed with a sufficient quantity of lime water, they become 
turbid from the deposition of carbonate of lime. They fre- 
quently contain the carbonate of lime, magnesia, and iron, in 
consequence of the &cility with which these salts are dissolv- 
ed by water charged with carbonic acid 

The best mode of determining the quantity of carbonic acid 
is by heating a jportion of the water in a flask, and receiving 
the carbonic acid by means of a bent tube, in a graduated jar 
filled with mercury. 

The chalybeate waters are characterized by a strong styp* 
He inky taste, and by striking a black colour with the infu- 
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sion of QaliHutB. The iron is sometimes combined with the 
muriatic or salphuric acid ; bat most frequently it is in the 
ibrm of a carbonate of the protoxide, held in solution by free 
carbonic acid. On exposure to the air, the protoxide is oxi- 
dized, and the hydrated peroxide subsides, causing the ochre- 
ous deposit, so commonly observed in the yicinity of chaly- 
beate springs. 

To ascertain the quantity of iron contained in a mineral 
water, a known weight of it is concentrated by evaporation, 
and the iron brought to the state of peroxide by means of ni- 
tric acid. The peroxide is then precipitated by an alkali and 
weighed ; and if lime and magnesia are present, it may be 
separated from those earths by the process described in the 
last section. 

Chalybeate waters are by no means uncommon ; but the 
most noted in Britain are those of Tunbridge, Cheltenham, 
and Brighton. The Bath water also contains a small quan- 
tity of iron. 

The sulphurous waters, of which the springs of Aix la Cha- 
pelle, Harrowgate, and Mofiat afford examples, contain sul- 
phuretted hydrogen, and are easily recognized by their odor, 
and by causing a brown precipitate with a salt of lead or sil- 
ver. The gas is readily expelled by boiling, and its quantity 
may be inferred by transmitting it through a solution of the 
acetate of lead, and weighing the sulphuret which is gene- 
rated. 

Those mineral springs are called saline which do not be- 
long to either of the preceding divisions. The salts which 
are most frequently contained in these waters, are the sul- 
phates, muriates, and corbonates of lime, magnesia, and soda. 
Potassa sometimes exists in them, and Berzelius has found 
lithia in the spring at Carlsbad. It has lately been discovered 
that the presence of hydriodic acid in small quantity is not 
unfrequ^it. As examples of saline water may be enumera- 
ted the springs of Epsom, Cheltenham, Bath, Bristol, Bareges, 
Buxton, Pitcaithly, Toeplitz, Ballston, and Saratoga. 

The first object in examining a saline spring is to determine 
the nature of its ingredients. Muriatic acid is detected by 
the nitrate of silver, and the sulphuric acid by muriate of 
baryta ; and if an alkaline carbonate be present, the precipi- 
tate occasioned by either of these tests vdll contain a carbon- 
ate of silver or baryta. The presence of lime and magnesia 
may be discovered, the former by the oxylate of lime, and the 
latter by carbonate of ammonia and phosphoric acid. P<>> 
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tassa is known by the action of the muriate of platmmn. To 
detect soda, the water should be evaporated to drynees, the 
deliouescent salts removed by alcohot, and the matter insoln* 
ble m that menstruum taken up by a small quantity of water, 
and be allowed to crystallize by spMontaneous evaporation. 
The salt of soda may then be recognized by the rich yellow 
colour which it communicates to flame. If the presence of 
hydriodic acid is suspected, the solution is brought to dry- 
ness, the soluble parts dissolved in two or three ^u^hms of 
a cold solution of starch, and strong sulphuric acid gradually 
added. 

Having thus ascertained the nature of the saline ingredi- 
ents, their quantity may be determined by evaporating a pint 
of water to dryness, heating to low reoness, and weighing 
the residue. In order to make an exact analysis, a given 
(quantity of the mineral water is concentrated in an evapora- 
tmg basin as £ur as can be done without causing either pre- 
cipitation or crystallization, and the residual liquid is divided 
into two equal parts. From one portion the sulphuric and 
carbonic acids are thrown down by the nitrate of baryta, 
. and after collecting the precipitate on a filter, the muriatic 
acid is precipitated by the nitrate of silver. The mixed sul- 
phate and carbonate is exposed to a low red heat, and weigh- 
ed ; and the latter is then dissolved by dilute muriatic acid, 
and its quantity determined by weighing the sulphate. The 
chloride of silver, of which 146 parts correspond to 37 of 
muriatic acid, is fused in a platinum spoon or crucible, in 
order to render it quite free from moisture. To the other 
half of the concentrated mineral water, oxalate of lime is ad- 
ded for the purpose of precipitating the lime ; and the magne* 
sia is afterwards thrown down as the ammoniaco-phosphEUe, 
by means of the carbonate of ammonia and phosphoric acid 
Having thus determined the weight of each of the fixed in- 
gredients, excepting the soda, the loss of course gives the 
quantity of that all^i ; or it may be procured in a separate 
state by the process described in the foregoing section. 

The individual constituent of the water being known, it 
remains to determine the state in which they were originally 
combined. In a mineral water containing sulphuric and mu- 
riatic acids, lime, and soda, it i& obvious that three cases are 
possible. The liquid may contain sulphate of lime and mu- 
riate of soda, muriate of lime and sulphate of soda, or each 
acid may be distributed between both the bases. It was at 
one time supposed that the lime must be in combination with 
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solpliuric acid, because the sulphate of that earth is left when 
the water is evaporated to dryness. This, however, by no 
means follows. In whatever state the lime may exist in the 
original spring, gypsum will be generated as soon as the con- 
centration reaches that degree at which sulphate of lime 
cannot be held in solution. The late Dr. Murray,* who 
treated this question with much sagacity, observes, that some 
mineral waters, which contain the four principles above men- 
tioned, possess higher medicinal virtues than can be justly 
ascribed to the presence of sulphate of lime and muriate of 
soda. He advances the opinion, that alkaline bases are uni- 
ted in mineral waters with those acids with which they form 
the most soluble compounds, and that the insoluble salts ob- 
tained by evaporation are merely products. He therefore 
proposes to arrange the substances determined by analysis 
according to this supposition. To this practice there is no 
objection ; but it is probable that each acid is rather distri- 
buted between several bases, than combined exclusively with 
one of them. 

Sea water may be regarded as one of the saline mineral 
waters. Its taste is disagreeably bitter and saline, and its 
fixed constituents amount to about three per cent. Its spe- 
cific gravity varies from 1.0269 to 1.0285 ; and it freezes at 
about 28.5° F. According to the analysis of Dr. Murray, 
10,000 parts of water from the Firth of Forth contain 220.01 
parts of conmion salt, 33.16 of sulphate of soda, 42.08 of 
muriate of magnesia, and 7.84 of muriate of lime. Dr. 
WoUaston has detected potassa in sea water, and it likewise 
contains small quantities of the hydriodic and iodic and 
hydrobromic acids. 

The water of the Dead Sea has a &r stronger saline im- 
pregnation than sea water, containing one fourth of its weight 
of solid matter. It has a peculiarly bitter, saline, and pun- 
gent taste^ and its specific gravity is 1.211. According to 
the analysis of Dr. Marcet, 100 parts of it are composed of 
muriate of magnesia 10.246, muriate of soda 10.36, muriate 
of lime 3.92, and sulphate of lime 0.054. In the river Jor- 
dan, which flows into the Dead Sea, Dr. Marcet discovered 
the same principles as in the lake itself — Turner's Chemistty. 

*niilon|iiiiCBl Tnnnakam of Bfflnbnij^ f€L ▼M. 
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^TabU qf Chemical Equivalents^ Atomic WeighU, or Proportional 
Numbertj Hydrogen being taken aa Unity,* 

Is prBparing the following tabular view of the atomic wra^ts, I havs 
diiefly consultod the table published by Dr. Thompeon in his Funst Piin- 
dples of Chemistry, and by Mr. Phillips in the new series, 10th Tolume, 
of the Annals of Philosophy. From the full account already given of the 
Laws of Gcmibination, and of the Atomic Theory, it will be superfluoos 
to describe the uses of the table. The only explanation required on this 
subject, relates to the ingenious contrivance of Dr. Wollaston, called the 
Scale qf Chemical Equivalents. This useful instrument is a table of 
atomic weights, comprehending all those substances which are most fre- 
quently employed by chemists m the laboratory ; and it only differs firom 
other tabular arrangements of the same kind, in the numbers being attached 
to a sliding rule, which is divided accordiner to the principle of that of 
Gunter. From the mathematical construction of the scale, it not only 
serves the same purpose as other tables of atomic weights^ but in many 
instances superseaes the necessity of calculation. Thus, by inspecting the 
common table of atomic weights, we learn that 88 parts, or one atom, of 
the sulphate of potassa, contain 40 parts of sulphuric acid and 48 of potas- 
sa ; but recouree must be had to calculation, when it is wished to deter- 
mine the quantity of acid or alkali in any other quantity of the sah. This 
knowledge, on the contrary, is obtained directlj by means of the scale of 
chemical equivalents. For example, on pushing up the slide until 100, 
marked upon it, is in a line with the name sulphate of potassa on the fixed 
part of the scale, the numbers opposite to the terms sulphuric add and po- 
tasssi will give the precise quantity of each contained in 100 parts of the 
compound. In the original scale of Dr. Wollaston, fbr a particular account 
of wnich I may refer to the Philosophical Transactions for 1814, oxygen ia 
taken as the standard of comparison ; but hydrogen may be 8ele(^ed for 
tliat purpose with equal propriety. 
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colombic .... 
fluoboric, (bar. a. 2H-fl. a. 10) 
fluoric .... 
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Alumina .... 

sulphate .... 
Aluminum 

Ammonia, (nit 14-4-hyd. 3) 
Antimony .... 
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76 
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chloride, (b. 70-f-cU. 36) 
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peroxide) ... 
phosphuret 
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chloride, (cop. 64-f-chL 36) 
bichloride, (c. 64-f-chL 72) 
iodide, (c6H-iod. 124) - 



00 

44 

68 

28 

36 

44 

36 

63 

160 

34 

38 

38 

43 

144 

64 

108 

136 

188 



* 1 proportion of amnic, aafl 1 1-3 ■ulpfau 



348 



BaUXTALBMTS. 



preoxide, (c. 6^^ 16) 
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Lead 



chloride, a 104-f-cM. 36) 
oxide, (L 104-f-o. 8) 
dsntoxide, (I. KH-f-o. 12) 
peroxide, (L 104-f-o. 16) - 
phospburet, (1- 104-f-p. 12) 
aulphuret, (L 104-i-s. 16) 

lithium 

chloride, (L 10-{-^ch. 36) • 
iodide .... 
Oxide, (lithia) <• 
aulphuret • 

Magnenum .... 
chloride, (m. 12-f-chL 36) 
oxide, (magnaaia) • 
Bidphnret • 

Ihnganesa .... 
chloride, (m. 2S-|-chL 36) 
oxide, (m. 284-a 8) 
dentoodde^ (m. 28+0. 12) 



72 

80 

76 

80 

96 

26 

58 

37 

18 

18 

26 

200 

236 

272 

324 

208 

224 

248 

1 

39 

8 

14 

41 

17 

33 

13 

14 

124 

30 

28 

64 

82 

152 

36 

40 

44 

60 

104 

140 

112 

116 

120 

116 

120 

10 

46 

134 

18 

26 

12 

48 

20 

28 

28 

64 

36 

40 



Manganeae, perosidB^ Col 2B-H^ 10 
Bulj^nret .... 

Mercury 

chloride, (calome!) (m. 20(H- 

chL36) ... 
bichloride, (corroa. subL) (m. 

200-|-chL72) 
iodide, (m. 200+iod. 121) 
biniodide, (m. TOy^-ioA. 218) 
oxide, (m. 2n0-H>. 8) - 
peroxide, (m. 200-fo. 16) 
enlphuret - 
bisulphuiet ... 

Molybdenum 

oxide, (m. ^^-\-o. 8) 
detitoxide, (m- 4&-H). 16) 

Molybdic acid, (m. 48+0. 24) • 

Nickel, (Lasaaigne) 

chloride, (n. 4(H-chL 36) 
iodide .... 
oxide, (n. 40-H). 8) 
peroxide, (n. 40-fa 16) 
phospburet ... 
sulphuret ... 

Nitrogen 

bicarbnret, (cyanogen) -' 
chloride, (n. 14+cM. 144) 
iodide, (n. 14r-|-iod. 372) 
oxide, (n. l4-fo. 8) 
deutoxide, (n. 14H-o> 16) 

Oxygen 

Palladium .... 
oxide .... 

Phosphorus .... 
chloride, (p 12-HhL 36) 
bichloride ... 
cart)uret . . . • 
Bulphioet ... 

Platinum 

chloride, (p. 96-f-chl. 36) 
bichloride 

Platinum, oxide . . - 
deutoxide ... 
sulphuret 
bisulphuret ... 

Potassium - * - 

chloride, (p. 40-HchL 36) 
iodide ... 

oxide, (potaasa) 
peroxide, (p. 40+0. 24) 
phospburet 
aulphuret ... 

Rhodium . . . • 
oxide . - • . 
peroxide ... 

Selenium .... 

Silica . . . - 

Sillicinm • . . • 



44 

4t 

90D 



S92 

324 

418 

208 

216 

216 

232 

48 

66 

64 

72 

« 

76 

164 

48 

66 

62 

66 

14 

26 

158 

386 

22 

30 

8 

8S 

64 

12 

48 

84 

18 

28 

96 

132 

168 

104 

112 

112 

128 

40 

76 

164 

48 

64 

62 

56 

41 

G2 

60 

40 

16 

f 
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Snter 

ehlaiide, (a Il(H-chL 36) 

iodide . . . . 

oxide^ (s. 110-i-a 8) 

phoqphuret 

BUlphuiet 
Sodium .... 

cUoride, (8. 24-i-chL 36) 

iodide 

oxide, (soda) 

peroxide, (s. 24-i-a 12) 

phoBphuret 

sulpharet 
Btnmtium . . . - 

chloride 

iodide 

oxide, (stromia) • 

phosphuret 

sulphuret 
Sulphur .... 

chloride, (b. IG+chl. 36) 

ioJide, (a 16-i-iod. 124) 

phosphuret • 
Bulphuretted hydrogen 
Bisulphuretted hydrogen 
Tellurium, (Berzelius) 

chloride 

oxide ... 



a 16) 



Tin . - 

chloride, (t BS-j-cH. 36) 

bichloride 

oxide 

deutoxide 

phosphuret 

sulphuret 
. bisulphuret 
Titanium 
Titanium, oxide 
Titanic acid • 
Tungsten . 

oxide, (brown,) (t, 96-f-( 
TungBtic acid, (t 96-j-o. 24) 
Uranium .... 

oxide, . 

peroxide . 
Water • 
Yttrium . 
Oxide, (Yttria) 
Zinc . 

chloride 

oxide 

phosphuret 

sulphuret 
Zirconium 
Ziroonia ... . . 

SALTS. 
Acetate of alumina, (ac. & GO-f«]. 18) 



c 1 w. 



30 



110 

146 

234 

118 

122 

126 

24 

60 

148 

32 

36 

36 

40 

44 

80 

140 

56 

62 

66 

10 

66 

142 

28 

17 

33 

32 

68 

40 

58 

94 

130 

66 

74 

70 

74 

90 

32 

40 

48 

96 

112 

120 

208 

216 

224 

9 

34 

42 

34 

70 

42 

46 

50 

40 

48 

68 
77 



Acetate of ammonia, (ac a. SO-f-am. 17) 67 



c. 7. w. 

baryta, (ac. a. 50-H). 78) 
c3w. - .- 
cadmium, (c. 2 w.) > ' • 
copper, (ac. a. 50-j-perox. 80) 
c 6 w. (com. verdigris,) - 
binacetate .... 
c. 3 w. (distilled Terdigrii^) 
subacetate, (ac a. SO-j-perox. 

160) . 
lead 

c 3 w. • 
lime 

magnesia 

mercury, (protoxide) c. 4 
potassa ... 
silver - 
strontia, c. 1 w. 
zinc' • 
c 7 w. - 
Arseniate of lead • 
lime 



magnesia 



w. 



130 
128 
155 
132 
130 
184 
180 
207 

210 

lee 

189 

78 

70 

294 

98 

163 

111 

92 

155 

174 

90 

82 

110 

181 

94 

201 

114 

180 

82 

102 

86 

172 



potassa . . 

Binarseniate of potassa, c. 1 w. 

Arseniate of soda - ' - 

Binarseniate of soda, c 5 w. - * 

Arseniate of strontia • 

silver .... 

Arsenite of lime 

potassa ... 

Arsenite of soda 

silver .... 

Carbonate of ammonia, (carb. a. 22-f- 

am. 17) - . . - 39 

Sesquicarbonate of ammonia, (carb. a. 

33-|-anv 17-|-w. 9) • - 69 

Bicarbonate of ammonia, 1 w. > • 70 

Carlx)nate of iMuyta • • . 100 

copper 102 

iron, (protoxide) ... 58 

lead 134 

lime 50 

magnesia • • • - 42 
manganese .... 58 
potassa 70 

Bicarbonate of potaasa • - - 92 
clw. 101 

Carbonate of soda, > . • 54 
clOw. 144 

Bicarbonate of soda, clw.* • 86 

Carbonate of strontia > • - 74 
zinc 64 

Chlorate of baryta, (ch. a. 7(H-b. 78) 154 

lead 188 

mercury 284 

potassa • • 124 
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Gbromate of baryta 
lead . . 



mercury . . - - 

potaasa, (chr. a. KH-p. 48) 
Bichromate of potaasa 
Flnate of baryta ... 

lead 

lijDfi .... 

Horiate of ammonia, (mur. & 37-f- 
am. 17) ... 

baryta, c 1 w. 

lime, c 6 w. > 

maganecda ... 

ttrontia, c 8 w. 
Nitzste of ammonia, (ixit. a. 64r-{- 
am. 17) - • • 

barjrta - . - 

bismuth, c 3 w. 

lead ... • 

lime .... 
If itrtte of magneeia 

mercury, (protoxide) •> 2 w. 

potasaa ... 

eilver . . - - 

soda .... 



strontia .... 

OsBlata of ammonia, (Ox. a. 36+ 
am.* 17) 
c 2 Wt • • " 

bar]rta .... 

Blnoxalate of baryttt 

Oxalate (tf cobalt ... 
lime . . . - 
nickel .... 



potaasa 

c 12 w. . 
BinoxBlate of potaasa 

c. 2 w. • 
Qnadroxalate of potaasa 

c 7 w. 
Oxalate of strontia • 



130 
164 
260 
100 
162 

88 
122 

38 

U 
124 
119 

67 
161 

71 
132 
161 
166 

82 

74 
280 
102 
172 

86 
106 

63 

71 

114 

160 

70 

64 

84 

84 

93 

120 

138 

192 

256 

88 



Binoxalate of etrontia • * - 121 

PhOBi^ate of ammoma, c. 2 w. • 63 

baryta lOS 

lead 14D 

lime 66 

magnesia • • * • 48 

aoda' eo 

c 12 w. . • • - U8 

Sulphate of alumina - . • > 
ammoma, c 1 w. • • 66 
baryta 118 

Sulphate of copper, (anlpih. a. 40-|~ 

peroz. 80) . . • . 120 

Biaulpfaate of copper . . . ifl) 
c 10 w. (blue vitriol) • - 250 

Sulphate of iron, (protoxide) . • 76 
c 7 w. (green ^Qriol) - .139 

lead 162 

lime ..... 68 

c 2 w. 86 

lithia, clff. . . • .67 
magnesia, c. 7 w. - - 123 

mercury, (sulph. a. 40-|-peras: 
216) . . .< 256 

Bisulphate of mercury, (peroxide) > 296 

Sulphate of potassa • - > 88 

Bisulphate of potassa, c 2 w. - .146 

Sulphate of soda 72 

c 10 w. JB2 

strantia . . -92 

zinc . • - • 82 

c7w. . . - . 146 

alumina and potassa • • 2G2 
c 25 w. (alum) ... 487 

Nitrate of kad - . - .178 

lime 94 

potassa ..... 88 

Bitartrate of potaasa - • • ^80 
c. 2 w. (cceam of tartar) - - J98 

Tartrate of antimony and potaasa, 
c. 3 w. (tartar emetic) 



INDEX, 



Acetates 
Acetate of coraper 

of leaa 
Add, acetic ^ - 

antLmonioufl -* 

arsenic - - - 

boracic- 

carbonic - 

chloric - 

chromic - 

citric - 

fluoric 

hydrocyanic - 

iodio 

meconic 

moi^bdic - 

muriatic 

nitric 

nitrous - 

nitro-muriatic - 

oxalic - 

oxymuriatic 

phosphoric - 

phosphorous 

prussic - 

pyrohgneous 

sulphurous - 

sulphuric - 

tartaric 

tungstic 

vegetable - 
Agents, imponderable 
Aur, atmospheric 

thermometer - 
Affinity, - - 

chemical - 
double elective 

■ elective 
simple - 
Albumen 

Alcohol - - - 
Alembic 
Alkali, volatile - 

vegetable - 
Allanite - - - 
AIio3r8 



300 
301 
300 
299 
255 
250 
163 
149 
167 
252 
304 
173 
191 
170 
319 
253 
166 
144 
143 
126 
301 
163 
161 
162 
191 
300 
155 
157 
302 
254 
299 
10 
135 
36 
71 
70 
73 
73 
72 
322 
315 
101 
147 
318 
256 
202 



Alum - - - - 

Alumina - - - - 
Amalgams - - - 
Ammonia - - - - 
liquid 

muriate of - 
Anal3r^ of vegetables - 
of minerals 
of waters 
Animal chemistry 

oils - - - 
heat - - - 
Antimony - - - 
oxides of - 
sulphuret of - 
tartrate of - 
Aqua fbrtis - - - 

regia . - - 
Aqueous fusion 
Arrow root - . - 
Arsenic - - - 
oxide of - 
sulphurets of 
test of - 
white - - - 
Arsenites - - 
Atmospheric air - 

composition of 
Atomic theory 
Attraction - - 

of cohesion - 
chemical - 
Azote - - - - 



Balance, portable - 

Balloons - - - 

Barium 

protoxide of - 

Barvtes 

Barley, malting of 

Barometer 

thermometric 

Bell glass 

Bismuth - - - 
oxide of - 
flowers of 



278 
237 
804 
146 
147 
286 
299 
335 
341 
321 
323 
328 
254 
d55 
255 
302 
144 

26t 

308 

249 

250 

261 

250 

250 

251 

135 

135 

98 

69 

70 

70 

238 

107 
124 
225 
225 
225 
313 
105 
18 
106 
259 
259 
259 



352 

Biflmuth, magtftery of 

Black lead 

Black oxide of mangarn 

Bleaching powder 

Blende - - - 

Blood 

Blowpipe, common 
Gahn's 
compound 

Blue, Prussian - 

Bodies, elementary 
ponderable 

Boiling of liquids - 

Borates 

Borax - - - 

Boron 

Brass ... 

Bromine > 



INDEX. 

259 
245 
241 
229 
246 
323 
102 
103 
129 
191 
112 
112 
7,24 
282 
283 
163 
246 
172 



Cadmium .... 347 

Calamine .... 246 

Calcium .... 227 

oxide of ... ^8 

Calomel .... 206 

Caloric - - - - 11 

conductoraof - - 22 

combined - - . 13 

free . . - 13 

equilibrium of . - 12 

expansion of - - 25 

laoiation - - - 29 

specific ... 32 

sources of . - - 41 

of fluidity - - 13 

capacity for - - 32 

Canton's phosphorus - - 46 

Caoutchouc ... 319 

Carbon .... 147 

sulphuretof . - 195 

Carbon and oxygen - - 149 

Carbonic acid ... 149 

oxide ... 154 

Carbonates .... 284 

Cjirbonate of potash - > 285 

of soda ... 285 

of lead - - - 263 

Carburetted hydrogen . 175 

Caustic, lunar ... 278 

Cerium .... 256 

Cistern, pneumatic - . 131 

Chemical affinity - - 70 

forceof - - . 83 

combinations - 79 

apparatus . . 100 

equivalents - - 93 

Chemistry, definition of . - 9 



Chlorates ... 


279 


Chlorate of potash 


- 280 


Chlorides . . . . 


379 


Chloride of nitrogen 


-•168 


of calcium 


- 231 


of lime 


329 


Chlorine - - - 


- 10 


oxides of 


Iffl 


Chlorine and oxygen 


- 167 


Chromium 


251 


Chromate of lead - 


- 252 


of iron 


352 


Chrome yellow 
Cinchoma 


- 252 


320 


Cinnabar - . - 


- 204 


Coal gas - . - . 


304 


Cobalt - - - - 


- 257 


oxides of - 


256 


arsenical 


- 257 


Cohesive attraction - 


70 


Cold, artificial 


- 39 


Colouring matter 


309 


of the blood - 


- 324 


art of - 


309 


Colours, primary - 


- 45 


Columbium 


254 


Combination ... 


- 19 


by volume 


91 


Common salt 


. 223 


Combining proportions 


86 


Combined caloric - 


- 13 


Combustion 


118 


in oxygen - 


- 119 


spontaneous 


311 


Conductors of caloric 


. 22 


Concave mirrors 


29 


Copper ... 


- 260 


protoxide of - 


261 


peroxide of - 


- 262 


sulphuret of - 


262 


Copperas - - - 


- 274 


Corrosive sublimate - 


207 


Cream of tartar - 


. 302 


Cryophorous 


20 


Crucible ... 


- 100 


Crystallization - 


267 


water of - 


- 267 


Cups, galvanic . 


60 


Cyanogen . . - 


- 191 


Cyanuret of mercury 


190- 


Decomposition, double 


% 


Definite proportions 


- 86 


Decrepitatin 


267 


Double salts ... 


. 269 


Destructive distillation 


304 



INOKX. 



tsz 



Diamond ... 


- 147 


Galena . - - - 


262 


Differential thermometer - 


36 


Galvanic battery - - - 


61 


Dropping tube 


- 103 


circle - ' - 


56 


Diana's silver tree 


208 


trough - - - 


59 


Dolomite ... 


- 46 


poles - - - 


58 


' 




cups . - - 


65 


Earths 


- 236 


pile . - - 


57 


Efflorescence ... 


268 


Galvanism . . - - 


54 


Elasticity, afiects affinity 


- 78 


chemical effects of 


61 


Elective affinity - - - 


73 


heating effects of > 


68 


double 


- 74 


theory of - 


55 


Electricity ... 


48 


discovery of - 


48 


conductors of - 


- 52 


Grases, combine by volume - 


91 


theory of - 


51 


expand equally - 
their weight - 


27 


Electrics ... 


- 49 


109 


Electro-chemical theory 


66 


Gas, oxygen - - - - 
hydrogen - - - 


115 


EUements ... 


9,112 


122 


their number 


113 


carbonic acid - - - 


149 


Emetic tartar 


- 303 


carbonic oxide - 


154 


Epsom salt ... 


272 


chlorine . . - - 


163 


Equivalents - . . 


- 93 


muriatic acid 


166 


scale of, - 


96 


fluoric acid . - - 


173 


Essential oils 


- 312 


lights ... 


183 


Ether - - 


316 


defiant - - - - 


182 


evaporation of 


- 21 


nitrogen ... 


134 


Etching on glass 


174 


nitrous oxide -• - - 


13$ 


Eudiometry - . . 


- 142 


Gas apparatus - - - 


104 


Extractive matter 


309 


Gelatine . . . - 


322 


Expansion by heat 


- 25 


Germination - . - 


g? 


of solids - 


25 


Gilding . . - - 


of liquids 


- 27 


Glass _ . - - 


240 


of gases 


28 


Glauber's salt . . - 


270 


Evaporation 


- 18 


Glucina . . - - 


238 


Evaporating dish 


102 


Gold 


210 






etherial solution of 


211 


Fermentation ... 


313 


Gravitation . . - - 


70 


saccharine - 


- 313 


Gravity - . - - 
Growth of plants - - - 


79 


vinous - 


313 


294 


Felling colliery 


- 178 


Gunpowder - - - 


277 


Fibrin .... 


321 


Gypsum - - - - 


271 


Fire damp ... 


- 177 






Fixed air - 


149 


Hartshorn - - - - 


146 


Fixed oils . - - 


- 311 


Heat . - - - 


11 


Florence flask ... 


102 


animal - - - - 


328 


Friction ... 


- 43 


latent- . . - 


131 


Flowers of sulphtir - 


155 


matter of - - - 


11 


zinc 


- 246 


radiation of - - 


28 


Fluidity, caloric of - 


13 


Hydriodate of potash - 


171 


Fluoric acid - - - 


- 173 


Hydriodic acid ^ - - 


171 


Fulminating powder - 


277 


Hydro-nitric acid - 


145 

4 ^%^% 


Food of plants 


- 294 


Hydrogen . . - - 


122 


Freezing mixtures 


41 


carbutetted 


175 


Fluate of lime 


- 173 


sulphuretted 


187 


Fowler's solution 
Fufflble alloy ... 


251 
- 202 


phosphuretted - 
Hydrosul^urets 


189 
288 


Furnace, lamp . . - 


106 


Hydrosulphuiet of otaah - 


2b8 



30* 
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Icecream - - - 
Imponderable agents - 
luK, indetible 

syo^pathetic 
Inoisanic chemistry 
Iodides 
Iodine ----- 169 



- 40tMagnc&a - 

W\ sulphate of 

- 27§ Manganese 

oxides of 
Massicot - 



258 

170 l^atrass 



Iodic add - - - 170 

Iodine and hydrogen - - 171 

Iridium - -. - - 216 

Iron - - - - - 242 

meteoric - - - 243 

oxides of - - - 243 

rust of - - - 243 

carburet of - - - 244 

sulphate of- - - 274 

sulphuretof - - - 245 

tinned - - - 248 

Isinglass .... 322 

Ittria .... 233 

Kelp .... 286 

King's yellow - - - 251 

Lamp, furnace ... 106 

flameless - - 213 

safety - - - 181 

Xiaftent heat - - - 13 

Xjaws of combination - - 86 

of proportion - - 88 

Lead - - - - - 262 

oxides of - - - 263 

white - - - - 263 

sulphuret of - - 264 

poisonous - . . 265 

Lemons, salt of - - - 304 

Liquid ammonia ... 147 

phosphorus - - 161 

Light 44 

decomposition of - 44 

without heat - - 45 

effects of, on colors - 47 
effects of, on crystallization 47 

Light carburetted hydrogen 175 

Lime 229 

chloride of - - - 229 

phosphuretof - - 234 

water - . . 229 

carbonate of ... 284 

Liquids, expand by heat - 27 

conducting powers of 24 

Litharge - - . . 263 

Lithium .... 224 

Lunar caustic - . - 278 



Molasses . - - 

Melting pot - 

Mercury - - 

peroxide of 
protochloride of 
sulphuret of 

Metallic compounds - 
salts 



Magistery of bismuth 



- 259 



Metals 

general properties of 
how reduced 
arrangement of 
combustible 
meteoric iron - 

Mineral green 

Mineral waters - - - 

Mirrors, concave - 

Mixtures - - - - 

Mol ybdic acid 

Molybdenum - - - 

Mordant . . - 

Morphia . . - - 

Multiple proportions 

Muriates . - - - 

Muriatic acid 

Musical tones . - - 

Narcotine ... 
Nickel . . - - 
Nitrates ... 
Nitric acid . . - 
anhydrous - 
oxide 
Nitre . . - - 
Nitrous acid . - - 

oxide 
Nitrogen . . - - 
chloride of 
and hydrogen 
Nomenclature 
Non-metallic bodies - 

Oil gas . . - - 

Oil of vitriol . - - 

Oils, vegetable - - - 
Olefiant gas - - - 

Opium . - - - 
Organic chemistry - 

Orpimcnt - - - - 



^236 
272 
241 
241 

263 

lOOf 

307 

100 

201 

206 

206 

207 

201 

201 

2(^2 

196 

197 

199 

203 

198 

243 

261 

340 

29 

85 

253 

353 

310 

319 

88 

286 

166 

125 

320 
258 
275 
144 
145 
141 
276 
143 
138 
134 
168 
146 
110 
115 

184 
157 
311 
182 
319 
289 
251 



INDEX. 
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Oimiiim .... 216 

Oxalates - - - - 301 

Oxides, metallic - - - 198 
Oxidation - 112,118,198 

Oxygen gas - - - - 115 

combustion in - 119 

Oxymuriatic acid ... 163 

Oxymoriate of potash - 280 

Oxygenized water - - 133 

Palladium .... 215 

Pearlash .... 285 

Phosphates - - - - 282 

Phosphate of soda - - 282 

Phosphoric add - - - 161 

Phosphorus ... 160 

Phosphorescence - - - 45 

Phosphuretted hydrogen - 189 

PUeofVolta ... 57 

Plants, growth of - - 294 

Plants, food of - - - 294 

Plaster of Paris - - 271 

Platinum - - - - 212 

sponge - - 126 

protoxide of - - 215 

peroxide of - - 215 

Pneumatic cistern ... 131 

Plumbago- ... 245 

Ponderable bodies - - - 112 

Potassa .... 220 

Potassium ... - 271 

oxide of - - 220 

Potato starch - - - 308 

Potash, carbonate of - - 285 

Precipitate, red ... 206 

Proportions, definite - - 86 

by volume - - 91 

how ascertained 95 

Prussic acid .... 191 

Pyrites - - - - 245 

Pyrometer - - - - 25 

Cluanuty of mattor - - - 77 

duicklime ... 228 

Gtuickailver .... 204 

auinia .... 321 

sulphate of - - - 321 

Radiant heat - - - - 16 

Realger .... 251 

Red oxide of copper - - 261 

lead - - . . 264 

precipitate ... 206 

Reduction of metals - - 199 

Reflectors •••••>• 29 

R«au]fl - - • • 312 



Respiration - 
Receiver - • . 
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